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ABSTRACT 

(Distribution Limitation Statement No. 2) 

The OUTPUT code is designed for the analysis of early-time nuclear explosions. 
The equations for radiative transfer (characteristic method) and conservation 
of total (fluid and radiation) momentum and energy are solved in one-dimensional 
(plane or spherical) geometry.  The radiation equations include first-order 
Compton scattering, and the hydrodynamic equations are treated in explicit 
Lagrangian form.  The code is undergoing continuing development; the formulation, 
flow charts, glossary, and listings presented represent its status as of 
27 October 1967. 
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SECTION I 

INTRODUCTION 

PURPOSE OF CODE 

The OUTPUT code,  a version of the SPUTTER code,   im a one- 

dimensional,   Lagrangian.   radiative hydrodynamics program written in the 

FORTRAN IV language.    The purpose of this code is to calculate and to 

predict the radiative spectrum and the early-time evolution of nuclear 

devices.    The code has been applied to several devices;  the results of 

these applications are reported in reference 1. 

PHYSICAL MODEL 

The solution to the radiation transport equation 1« similar to that in 

the standard SPUTTER program (Ref.   2) in that the characteristic ray 

approach is employed for grey or multifrequency problems with mixed 

diffusion and transport regimes.     However,  OUTPUT includes as options 

Thomson scattering (conservative scattering) and first-order Compton 

scattering (nonconservative).     The physics of the hydrodynamics routine 

have also been improved by including the radiation pressure as a tensor. 

This improvement has the effect of adding a term to the momentum equation 

and a corresponding work term to the energy equation.     The energy equation 

also now uses the radiation pressure as calculated in the radiation routines 

rather than the usual equilibrium diffusion assuu iption P    =■ (1/3) a 6   ,   where 
T 

0 ■ kT is the local material temperature multiplied by the Boitzmann con- 
3 4 

slant,   in electron volts,   and a  =  1 37 ergs/cm   /eV    us the Stefan radiation 

constant in appropriate units. 



AFWL-TR-67-131.   Vol III 

LOGIC OF CONSTRUCTION 

The logic followed in constructing OUTPUT has been that the 

SPUTTER format and bookkeeping subroutines should be employed as fully 

as possible so as to achieve the following benefits:    (1) opacities and 

material properties developed for SPUTTER would be immediately usable; 

(2) problems  run with SPUTTER could be picked up (i. e. ,   off a tape) and 

continued with OUTPUT or vice versa,   using at most a simple transcription 

program;  (3) the job of redeveloping the auxiliary subroutines could be 

avoided; and (4) personnel familiar with SPUTTER and its derivatives could 

easily learn the differences between the codes.     The differences between 

the current SPUTTER program and the OUTPUT code are described in 

Appendix I.    It should be noted that the OUTPUT code was designed for a 

particular claas of problems; consequently,   the capability of the SPUTTER 

program to handle certain problems,   e.g.,   conduction,   boiling,   etc.,   has 

been eliminated.     This has   increased  the efficiency of the code and released 

needed core storage and common variables.     The user is cautioned that 

variables used solely in deleted sections of the SPUTTER code are now 

employed differently. 

This report is not a complete documentation of the OUTPUT code but 

rather a documentation of those portions of the SPUTTER code that have 

been substantially altered.     The SPUTTER code has been documented in 

reference 3.    As an aid to gaining experiei;   e in using the OUTPUT code, 

a list of the cards used in making the successful comparison between the 

Gulf General Atomic and Air Force Weapons Laboratory versions of the 

OUTPUT code is included in Appendix II. 

i i.i 
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SECTION II 

THEORETICAL MODEL 

The equations presented in this  section represent the theoretical 

model employed in the OUTPUT code.     In general,   the constraints  stated 

with the equatior s limit the applicability of the model to low-temperature 

devices,   with one-dimensional (plane or spherical) symmetry. 

RADIATION EQUATIONS 

The derivation of the transport equation for the intensity I(v,   ß,   r,   t), 

i. e. ,   the radiant energy per unit frequency v,   per unit solid angle dfl,   about 

the direction (unit vector)  ß per unit time dt,   per unit area,   including the 

effects of Compton scattering,   is presented in reference 4.    A summary of 

this derivation is presented below. 

The contributions to the rate of change of the intensity,   or to 1/c (8l/8t) + 

ß  • V I,   are assumed to be absorption,   emission,   and the scattering of 

photons by free electrons.     The absorption coefficient includes all signif- 

icant processes by which photons are absorbed subject to the local- 

thermodynamic-equilibrium (LTE) assumption.     The scattering coefficient 

and the differential cross section for scattering are determined from the 

Klein-Nishina formula (Ref.   5).    A series of further approximations are 

required to complete the hypothesis.     They are: 

1. The electron states before and after scattering are nondegenerate. 

2. Doppler effects can be ignored. 

3. Polarization is unimportant. 
2 2 

4. hv/m   c     < 0. 2,   m   c     = rest energy of an electron. 
o o 

5. Stimulated scattering is negligible. 

3 
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6. Retardation effects are omitted. 

7. The spectrum is a smooth function of v. 

With these assumptions, the following transport equation in  plane geometry 

is obtained for the quantity I{n) = -^- 1(0): 

M T- = M1   (B     - I) + S 
dx        a       v (1) 

where ;x = S •   x is the normal direction cosine; 

,; = ,a(1.e-"') (2) 

is the linear absorption coefficient corrected for induced emission; 

Ti     - 4Trhv     /  hv/e       ..-1 Bv 3- (e - 1) (3) 

is the Planck distribution function for radiation from a blackbody at 

temperature 6 eV, multiplied by —; 

_ 1 

" 16    f   d^I^,)[3 - HZ + (3M
2
 - l)(/i')2] 

21 + IJ / d'', V1^') -y^r) [3 -M2 + M'MOM2 - 5) 

where 

+ r 

+ (3M2   - DOx')2 + M(3  - 5M2)(M')3] + 0(y
2) (4) 

8 2 ,, 
s3        o     e (5) 

is the Thomson scattering coefficient valid for hv «m   c2,   in which 
2 2 0 

r     = e   /(m  c   ) is the classical electron radius and N    is the number of 
3 e 

electrons per cm   ; and 

hv 

m   c o 
(6) 

 „—«-—i .. - 
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Examination of the form of the scattering source term reveals that the 

low-energy limit,   i. e. ,  y - 0,   gives the Thomson scattering law.    To 

determine the material heating due to Compton scattering,   it is necessary 

to integrate over all solid angles and over the entire frequency range.   The 

result, with sign reversed,   is 

« hc J» 
-V   F =  -c    /*   M'   (2B     -  E   ) dv + u      ^7    /     ^E    dv (7) 

/        a v v s ^   -/ v 

•'r. rn  c        o 

where 

is the total flux and 

00 r -* ■* 
F =    /*   dv   /    I(v.Q)QdQ 

E    = -    f   I(v.Q) dQ 
'4lT 

is the radiant energy density spectrum.    The first term on the right is the 

usual heating term due to absorption or emission,   whereas the second term 

is the heating rate due to Compton scattering. 

NUMERICAL INTEGRATION OF THE TRANSPORT EQUATION 

The development of a scheme to integrate the transport equation 

along a ray requires that several numerical approximations 5e made. 

Rewrite the source term S by rearranging and by employing the notation 

1 
I    =    f   I(M)0i)n dM <») n 

/. 

Thus,   1,1,  and I    are proportional to the radiation energy density,  the 
'    o'     1 2 

flux,   and the radiation pressure,   respectively.     Now, 



AFWL-TR-67-131,   Vol III 

S -   -M9 {l(l   - 2y)  - ^ [(3  " M2) I0 +  OH2  - 1)I21 

♦ ffy [O-M  )I0+ MOM     - 5)^ +  OM     - 1)I2+ M(3  - 5nZ)l3] 

- ^-y2 ^7   [O  - M2)I0 + M(3M2  - 5)^ +  (3M2  - 1)I2 +  M(3  - S^)^]} 

It is convenient to expand the last term as follows: 
(9) 

y "äy 

Using this substitution,   one finds 

/WM.ÄLlMJ _Zyf{y) 

S =  -Ms { 1(1  - 2y)  - ^T [(3  - M2) L + (3/i2  - 1) I,] 16 

(10) 

+ ^- y [(3  - M2) I0 + M(3M2  - 5) ^ +  (3M2  - 1) I2 + M(3  - B^2) Ij] 

2 
- ^ ^7 1(3  - M2) I0 + M(3M2  - 5) ^ +  (3M2  " D I2 + M(3  - 5M2) I3] | 

(11) 

In Eq.   (1),   the intensity I(M>V) is the monochromatic intensity.     In most 

computer codes employing radiation transport,   the quantity being calcu- 

lated is the integral of the intensity over some frequency band (v., v.     ), 

for which one finds 

where 

dl. 
M -7^= M      (B.  - I.) + S. ^   dx      'V '   j        j j (12) 

/•Vj+1 
S.  =    / S(v) dv 

J   *j 

l=f Kv) dv 
J 

(13) 

(14) 
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The notation I. must not be confused with I    as previously defined.   However, 
J n 

the distinction between symbols is fairly clear.    Note that single subscripts 

denote intensities and double subscripts represent moment quantities.    Con- 

tinuing,   one finds 

S.  =  -M^I.d  - 2^)  " ^ [(3  - M2)I0_ + (3M2  - 1)I2_] 

+ ~ry. [(3  - HZ) Io   + H{3HZ  -5)I1   +  (3fi2  - 1) I2   + M(3 - 5nZ) 1^ ] 

-IJ -^TVi [(3 " ^^^i) + ^ ' Vh^i+J 
m   c 

o 

+ {3nZ  - 1) I2 (v       ) + fx(3 - 5M
2
) I3 (vj+1)] 

+ ~ -^v2  [(3  -M2)I    (v.) + M(3M2   - 5)1   (v) + M(3  - 5M
2
)T    (v   ) 

IbZj 0J iJ -^J 
m   c 

o 

+ (3M2  - l)I2(v.)]} (15) 

where the assumption has been made thaty. = (1/2) (y. + X-.^) an<i 

Vj+1 
I 

: 
J 'j 

(v) dv (16) 

Moreover, 

v 
' [ (v) dv (17) 

One should note that in Eq.   (15) the quantities I   (v.),   I Ay.),   etc. ,   are the 

moment quantities  evaluated at the boundaries of the frequency group of 

interest,   i. e. ,   v. and v.   A.    At this point,   an approximation must be made 
J J +1 

relating the boundary quantities and the frequency average quantities.    If 
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the spectrum is flat over the various frequency groups,   then 

i   at i   (v.)(v. , - v.) 
x x      j      j+1 j 

J 

Thus, 

S. - -Jl.U - Zy.)   - ^ [(3  - M2)I0   +  (3M2  - 1)I2   ] 
\ J J 

(18) 

+ fg Fj[(3  - fx")^   + ßilß"   - 5)^   +  (3ßZ  - 1)I?    + M(3  - 5nZ)I3 ] \   +M(3M2 

j 

2 

^T      h2(v.   ,j-!..   n"3'"2'^   /"f3"2-5'1!.      M3M2-1)I. 
moc        j+2       j+1 j+1 j+1 j+1 

+ M(3 - 5M  )I^       ] 
j+1 

3        h 
16 2  v^ j moc       j+1       j 

^-^[(3 - M2)   I0   + M(3M2  - 5)^   + (3M
2
  - 1)I2 

+ M(3 -5fx )13] 

j 
(19) 

Reorganizing the source term with Av. = v.    ,   - v.,   one obtains 
J J+1 J 

S. =  -^l.ii  - Zy.)  - ^A2  [(3 - M
2
)I0   + (3M2  - D I, ] 

J J 

+ ^-A1M[(3M2   -5)^   +  (3  -5M2)I3 ] 
j j 

^A3[(3   -   M
2

)I0        +(3M2-1)I2       ] 
j+1 j+1 

-^■A3M [(3M
2
 - 5)^        +(3-5M

2
)I3       ] 

j+1 j+1 
(20) 

8 
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where 

A.   = 3y . + 
J 

2 
h Vj 

2   Av. 
m   c j 

o J 

(21) 

A    = 1  - A  , 
2 1 

(22) 

A3 = 
h j+1 

2   Av. m  c j+1 
o * 

(2 3) 

At this point,   the integration of the transport equation can be performed 

as follows: 

dl. 

where 

Using 

s. 
{    } =-L + I.  (1  - 2y.) 

(x/ji) [M      +  ^B(l   " 2y.)] a. s j 

(24) 

(25) 

(26) 

as an integrating factor,   one finds 

Vx2) = Vxi,e 

«.(x  -x )       a.     ^x 
—L   f       B.(x' )e 

a (x   -x') 
dx1 

M_        x 

r/'o 
a (x  -x') 

dx« (27) 

where 

a. = ^ [M,  + M0 (i a.        s iF,)! (28) 
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The first two terms on the right-hand side have already been evaluated in 

radiation-transport routines currently employed by SPUTTER (Ref.   2), 

Here,   the integral in the third term will be evaluated.     The term in braces 

[Eq.   (25)]   contains such terms as I-,   I ,   etc.     At this point,   some 
J      0J+1 

approximation must be made concerning the spatial dependence of these 

quantities.     Following the assumption used in developing the Thomson 

scattering code,   assume that all functions vary linearly in geometric space. 

Performing the required integration,   one then finds 

/      {    } 

-a (x  -x') 
e      3    d dx' 

H    16     2 [H^M x2  - x1 e 
-a.A 

J 

2 a. 
J 
n 

"*     3        A 

»      3     A 

>I     16      3 

>vi*^ 

J 

(29) 

where A ■ Ax = x     - x 

A ■ ^■{x2(FIO(J,x1) + f|2ri2(J.X1))  -x1(FI0(J,x2) + M2FI2(J.x2))} 

B = ^{FI0(J.x2)  - FIOM.x^ + /(FI2(J,x2)  - ri2(J.xft))} 

10 
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C = ~ (x^ISCJ.x^  - x1FI3(J.x2) + jx2(x2FIl(J.x1)  - x1FIl(J. x2))> 

D = ^ {FI3(J,x2)   - FISU.x^ + fi2(FIl(J,x2)  - FIKJ.x^)} 

E = ^- {x2iFIO(J +  1, x^ + fi2FI2(J + 1. x1))  - x1(FIO(J +  1, x2) 

+ M2 FI2(J + l,x2))} 

F = 4- {FIO(J+  l.xj  - FIO(J+  l.xj + M2{FI2(J+ 1.x  )  - FI2(J + 1.x  ))> 
Ax   *• 2 1 £ ■L 

G = ^ {x2FI3(J +  1. x1)  - x1FI3(J +  1. x2) + M   (x2FIl(J +  1. x1) 

- x1FIl(J+  l.x2))> 

H = ~ {FI3(J + 1. x2)  - FI3(J +  1. x1) + /(FIKJ + 1. x2)  - FI1(J + 1. x^)} 

(30) 

with FI0{J.x.) = 31     (x.) - I-   (x ) 
i            o.     i 2.     i 

J J 

FLiU.x.) = 3I2   (x.) -Io   (x.) 
j J 

FI3(J.x.) = 3I3   (x.) - 5^   (x.) 

FlKJ.x.) = 3^   (x.)  - 5I3   (x.) 
j J 

A
1 

= 37.+ 
h J 

2   A 
m   c 

o 
v. 

J 

A2*1 -Al 

2 

A 
h "j+l 

3 
m0c 2   Av

j+1 

(31) 

11 
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Computationally,   the solution to the integral will be inaccurate due to 

figure loss when a.A < 0. 01.     Under this condition,   one finds the follow- 

ing solution: 

IT /        (    }  e      J dx' 
yx1 

\h^ jCFIOiJ. x^ + ^2FI2(J. *pL - i a A + | B] 

^        16     3 

^SK1  "I «j^(FI3(J+  l.x1) + M
2FIl(J+  LX^ + ^HI 

DISCUSSION OF THE NUMERICAL APPROXIMATIONS 

In Eq.   (7),  the material heating rate for Compton scattering was 

derived.     It w-11 now be shown that numerically the heating rate calculated 

will be consistent with the analytical result.    Integrating Eq.   (24) over », 

one finds 

1 
V-   F    = u     (2B.  - E.)  - ^   E 

J        a. j j s (l-2y) + ^    E.li  - 3Y.   -— ^-1 
J J 8    J l rj 2   Av.    I 

\ moC J / 

2 
h vj+l 

ßs 2   Av.^,   Ej+1 (33) 
m  c j+l     J 

o J 

12 
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Summing on j.   one obtain* 

V1 M     <2B. - E.) - n  V* 7 E. - »    -*— V* IE   -J- - E        —iÜ- I 
j = l      J j = l oC     j = l   X J ■,+ 1 

1 
- V. F =y^M.   (2B: - EJ - 

(34) 

For the third term on the right-hand «ide,   note that 

Now,   by definition,   v     = 0 and E = 0.     Thus,   the calculated heating rate 

due to Compton scattering is 

Comparing this with the analytical result,   i. e. , 

«o 

ßB —7 /   vEv dw (37) 

one notes that the above sum is consistent with assuming a flat spectrum 

over the various groups.     Moreover,   in the limit as the number of groups 

increases,   the sum approaches the analytical result. 

A computational difficulty encountered with the present fr rmulation 

is that the intensity I.{ß) & spends on the solid-angle moments of the inten- 

sity I0-.   1^ ,   etc.    However,   if these quantities were known,  the evaluation 

of the intensity would be superfluous,   since one is usually concerned with 

;; jding heating rates.     The scluticn to the transport equation gives the 

intensity I        (M) at time n -f  1 in terms of the moment quantities at time n. 
J • 

The assumption made is that the moment quantities at time n are close to 

those at timr- n -t-  1.    Computationally,   there are two equivalent ways to 

achieve this result.     The first way.  and the least desirable,   is to run the 

13 
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calculation with very small time increments.     Now,   even if the moment 

quantities are rapidly changing,   the errors involved are proportional to 

the time step.    After a number of cycles in which the solution is constant, 

the moment quantities will also converge.    A second way tu guarantee that 

the moment quantities are consistent with the transport equation is to iterate 

on these quantities.    A test can be made to see if the values at time n +   1 

are different from those at time n.    If differences are detected,   the complete 

transport calculations can be rerun using the new,   updated,   moment quan- 

tities.     This scheme is presently employed in the Thomson and Compton 

scattering subroutines.     To calculate the number of iterations required for 

convergence,   consider the following model for the case of Thomson scatter- 

ing,   I, e. ,  y -• 0.     For this case,   the transport equation becomes 

d^ 1 
rn+l. .n+1       3 ,,. 2. 

If spatial homogeneity is assumed,   then 

I 0*) = — B + ^j- — [(3 - M  )I0 +  (3M     -1)I21 (39) 
ß ß 

where a = u    + u  . 
a        s 

To  find  I and l"     ,   integrate over dfi.     Thus, 

and 

I^^B+^-I» (40) 
ß ß     0 

In
+1 =L'jLB+±?±f+jLlJLl* (41) 

2 3   - 10   _     o      10   -    ^ K     ' 
ß ß ß 

Solving these recursion equations,   one finds that 

[' (?)'] I» . 21 | 

14 
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and 

:■"[••(?)•&)] 
From the form of these equations,   one can conclude that the convergence 

rate is controlled by the ratio fi   /n    + M  •     Thus,   in the interesting situa- 
' s     a        s 

tion in which scattering is the dominant mechanism,   the number of iterations 

required to achieve a given accuracy increases as the amount of absorption 

decreases.     This fact should be kept in mind when employing the scattering 

code in regions with dominant scattering. 

For the case of Compton scattering,   consider the homogeneous 

transport equation,   or 

0 = Ma(B  - In+1)   - M8i
n+1(l  - Zy) + ^s [(3 - M2)I> (3M2  " Dl"] 

- TT M y [O - »i2) I" + M(3»l2  - 5) 1% (Sfi2 - 1) I? + M(3 - 5^) £] 
lbs o i 6 -' 

+ ^.^^.y
2
[(3-M

2)^ + M(3M2-5)I^+(3M2  -l)lJ+M(3 -5^)1^ 

1 
If one now integrates over   jT    dfi,   one finds 

(44) 

~ i   2,n, 

- .n+1      ,       „ ,.       ,   » T^ , r    o 
*C  -2^B + ^(1 - ^o+ ^s -^r- <43) 

where M = M    +*».(*' 2y)' 

Integrating over frequency,   one finds 

2M [22] 

0j u.       J      M- J      J     u.   m  c    L       J+l      J+l J      JJ 

(46) 

where 

M   = u     + **   (1 - 2y ) (47) J        a.        s j 

15 
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Since IQU+I ~ 0'   the solution to the last equation is 

_n 
= B, 1- 3y, 

m   c o 
2   A 

(48) 

The remaining equations can be solved in reverse order.     What is signifi- 

cant is that the coefficient that determines the convergence is frequency- 

dependent, and, moreover, the higher the frequency,   the faster the 

convergence,   provided y < 0. 2. 

Computationally,   the iteration scheme has been developed for both 

the Thomson and Compton scattering subroutines.     Presently,   the options 

available for the iteration scheme are the number of iterations,   an accur- 

acy criterion to determine convergence,   and an extrapolation switch allows 

one to use the rate of convergence to extrapolate to find the desired function. 

SPHERICAL GEOMETRY 

In spherical geometry,   the transport equation (1) is replaced by 

dl 
.     = Ji    (B     - I) + S dx        a      v (49) 

where x is now a coordinate measuring distance along a characteristic ray. 

In the treatment of the scattering terms,   the only difference is that the ^c's 

appearing in S(x) must be replaced by an average ß = {p    + ß  )/2,   where 

^1 and ^ are the cosines of the angles of the characteristic ray with 

respect to the normal at x    and x  ,   respectively. 

EQUATIONS OF MOTION 

The   same  independent  coordinates   are  used  in  the  OUTPUT   code 

and SPUTTER   code:   mass   m  and time  t.     The   Lagrangian  mass 
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coordinate  m   is   defined   by 

m 

•'o 
r'0"1 P(r'ft) dr' (50) 

where p is the density and 

(1 plane 

3 spher 

This coordinate has the physical units of mass/cm2 in plane geometry; 

whereas in spherical geometry,   it is the mass interior to radius r divided 

by 4W3.     If T is the specific volume,   the equation of continuity is given by 

dr -(or-l)   8  / a-1 dr\ 
dt-Tr 87Vr       dTJ (51) 

The momentum equation can be written as 

v dt 
" , (a - i) ,, 

ar    + 2r       (2<rll   "^22   " <r33) (52) 

where u = dr/dt and (a...) is the symmetric stress tensor.     The stress 

tensor is given by 

«r.. =   -P      6..  - P.. (53) 

where Pm is the material pressure including artificial viscosity,   and P 
i 

is the radiation pressure tensor.     In the case of plane geometry,   a = 1 

and the equation becomes 

du 
dt 

a(P      + P  ) 
m r 

ar (54) 

where Pr is the radiation pressure in the r direction. 

This is the standard equation solved in the SPUTTER code.   However, 

the SPUTTER program assumes that Pr = (1/3) a B4, the equilibrium diffusi 

value.    This assumption is not made in the OUTPUT program; instead,   the 
on 

17 
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radiation pressure for a zone is computed as the second angular moment of 

the intensity.   Since the intensity and its moments are computed on zone 

boundaries r.,   the radiation pressure in the zone r.  < r < r.       is defined 
x r 11+1 

as the arithmetic mean 

r.   i      2       r. r.    . 
i+t i i+l 

(55) 

In the case of spherical symmetry,   one must evaluate a       and cr..,.     The 

radiation pressure tensor is given by 

<P> = 37   f dQQälOi) 
2lT J4rr 

(56) 

where ß is the cosine of the angle 6 between the ray Q and the radius vector 

r.    If r  is taken as a polar axis,   an azimuthal angle $ can be introduced 

and Q can be expressed as a column vector 

Q = 

V 

.a3. 

= 

Jl 

/          2 ■VI   - n    cos <{> 

yl  - ß    sin (t> 

(57) 

The dyadic 55 is then obtained by postmultiplying this column by its trans- 

pose,   which gives 

2 /] 2 r    ~2 
(Wl   - n    cos <p        MN/1   - ß    si 

<P)'K ki ■"* JT d^KM) 

in <)> 

/T       2 i.        2. 2 tvl  - ß   cos <p[i - ß  ) cos * (i - ß   ) cos <p sin (p 

i\li   - ß   sin <p (1 - M  ) sin $  cos $ (1 - M  ) sin    $ 

On evaluating the integrals,   one obtains 

P.. = o      i y j 

(58) 

(59) 

18 
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1 
Pll  =    f  *    I(M) dlX (60) 

•'-1 

1       ^ 2 
P22 = P33 =  2   /  (1  - ^  ) ^^ d^ (61) 

Since P22 = P^ = 1/2 [Er  - PjJ .   where E    is the radiation energy density. 
r 

1 
Er=J      IdfJL (62) 

Eq.   (52) for the spherical case is 

, 9(P     + P  ) ^ du rn r 1  . 
p dT= ä;— - 7 (3Pr - ^ <63> 

where Pr = P^.     The last term in Eq.   (63) is in some cases a source of 

numerical noise,   particularly at small radius r.    Hence,   a parameter S4 

is employed in the code such that in the "diffusion" case,   P   /E    < S4    a 
r      r ' 

difference representation of Eq.   (63) is used.    However,   in the "streaming" 

case,   Pr/Er > S4,   one can rewrite Eq.   (63) as 

8P 
8u  m       1     9    ,   2_ ,      1   , 

p ^r=  - "8^ " — ^7 <r   Pr)  " 7 (Pr  " Er) <64) r 

and a difference equation based on this form is used. 

S4 should be assigned on the basis of the characteristics of the 

problem being solved; a typical value is 1/2. 

ENERGY EQUATION 

The equation for conservation of energy is given by 

dE pE 1 T 

^+Tll^+*-fi---(P
m+rr)^{~1     <3Pr-Er)u+%        (65) 

whure Em is the material specific internal energy,   F is the flux of radiation, 

19 
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and e    is an external energy source rate per unit mass.     The standard 

SPUTTER code takes the radiative heating rate per unit mass,   e   ,   as 

er =  -(v F) T (66) 

However,   the OUTPUT code includes the radiative streaming contribution, 

and e    is calculated in the spherical case as 

'*-[■ V- F + - (3P - E   ) u] r r      J (67) 

The form T OE   /8t) is combined with dE     /dt,   so that Eq.   (6 5) is treated r rn 
as an equation for the rate of change of total specific energy.     The differ- 

ence equations are then developed as in the standard SPUTTER code. 

The energy source rates  e    are determined oy the source routines 

OUE8,   QUE9,   QUE10.    These source routines are described briefly in 

Appendix I. 

After determining the change in total specific energy during a time 

interval due to e   ,   e   ,   and the radiative and material work terms as r       s 
shown in Eq.   (65),   the material temperature is advanced by inverting the 

equation of state to find the temperature corresponding to the new values 

of E     and T. 
m 

In order to avoid excessive restriction of the time step during the 

early portion of a calculation,   it has been found advisable to utilize the 

equilibrium diffusion approximation 

4 
E    = ae r 

for the energy density of the radiation field in the energy conservation 

equation.     This approximation is valid in the core,   where-most of the 

energy exchange between the field and the material occurs. 

20 
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SECTION III 

OUTPUT CODE PROGRAMMING 

LOGIC OF THE CODE 

The two basic independent variables in the OUTPUT code are mass 

and time.     Each of these continuous variables is divided into discrete 

elements,   the mass into an array of zones of variable size M. and the time 
n 1 

into a series of time steps At . The properties of the system are calcu- 

lated for all zones at time t , from given values at time t . There are 

essentially two kinds of properties which define the system:   kinematic 

properties,   such as the positions R. and velocities R. of the zone boundaries: 
i i 

and thermodynamic properties,   such as the specific volumes T. ,   the tem- 

peratures 9.,   the specific internal energies E.,   the material pressures P., 

and the specific heats at constant volume C   .    A specification of M.,  R., T., 
v 111 

and 0. completely defines the system at any given time,  assuming that local 

thermodynamic equilibrium prevails throughout the system.    All kinematic 

quantities are functions of the first two variables,   and all thermodynamic 

properties are functions of the last two.     The heating rates in each zone-- 

specifically,  heating from an external source (e   .) and heating by radiation 
5 1 

transport within the system (e   .)--will generally depend on all four 
n 

variables and the time. 

The program is divided into two segments (MP1 and MP2) to reduce 

computer storage requirements.    Segment MP1 sets up the initial conditions. 

The temperatures 9.,   masses G.,   velocities R.,   and interface positions R. 

for each zone are provided by card input.    All other quantities necessary 

for complete problem specification are calculated within the MP1 segment. 

This segment is also utilized to redefine new zones during the course of a 

21 
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calculation if, for reasons of economy or greater definition, a rezoning of 

the system is desired. MP1 performs the required peripheral operations, 

such as reading or changing dump tapes on restarts of a calculation. 

Segment MP2 consists of two loops (see Fig.    1).     The main loop 

represents one cycle,   representing an advance in time,   and the secondary 

loop represents a radiation subcycle.     The division of the main loop into 

separate boxes corresponds to the way various phases of the calculation 

are parceled out to subroutines,   called in turn by the main program (MP2), 

The labels next to the boxes are in some cases the names of the subroutines; 

in two cases,   EOS and TEMPIT,   they are names of "sub-subroutines" called 

by the subroutines.     Unlabeled boxes signify computations (or logical 

decisions) made in the main program itself. 

The cycle begins with a computation of the time increment At 

The time increment is set equal to the minimum of (1) DTMAX1,   DTMAX2, 

and DTMAX3,   which are external time controls,   (2) Courant stability con- 

ditions At ,   and (3) nine-tenths of the radiation time step At .     The 
c                                                                                                                            ** 

nine-tenths used for the radiation time calculation is introduced to prevent 

radiation subcycling due to small changes in AtR from one cycle to the next. 

DTR,  the time increment used by those subroutines involved in the sub- 

cycling loop,   is set to Atn .     The hydrodynamics portion of the cycle is 

entered next,   where the kinematic quantities are updated.     The artificial 

viscosity term P2.,   which enters the calculation as a pressure to be added 

to the material pressure,   acts as a shock-smoothing term,   spreading the 

shock structure over three zones.     The next two phases of the calculation 

compute the heat term AQ in the equation expressing the first law of thermo- 

dynamics,   AQ = AE + PAV.     The heating rate due to an external source 

(e11 ) is calculated in one of several choices of sub-subroutines,   depend- 
81 

ing on the nature of the source. 

The heating rate due to radiation (e    .        ) is calculated in the RADTN 

section.     The main subroutine of this section calls an auxiliary subroutine. 
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SEGMENT 
MP1 

SEGMENT 
MP2 

-0 

TDELT 

HY0R0 

PTVIO 

QÜE 

1 
READ INPUT DATA Compute; eR

n'[/7 

1 1 
-.n* 1  *»• ■n » I » «n* 1 

Compute;  r.  ; at 1 .  ; ao-^       : 

El?*' 

Generate zone boundaries 
and initial conditions or 
restart from dump tape. 
Rezone if desired. 

' 1 
^n+l  «tn+I 

Compute:  E.  • p'i  ; 

w r1 ■ (C 
Print out data, initial start 
cycle, and make consistency 
checks. 

i 
Start main calculation 
loop, cycle n+l. i 

If energy accuracy Is not 
satisfied, iterate to find a 

•^'■, such that E^+l will satisfy. 

(E?+l - El^'l < SI9 lAEI^'l 

• 

Computei  &tn+l/2 where 

Atn+l/2< atn*l/2 ,„„ 

Atn+l/2< „ , Atn-l/2 

■   „+l/2  AR /     1      V'2 
1 

Compute:  All region energy edit 
quantities for energy 
conservation checkä- ^c    -3 [j^tj 

4 
■ ' 

Check to see If radiation 
stability and/or accuracy 
conditions have required 
subcycllng (DTR < DTH2) If cycle n+l is to be printed 

on output, set TO - 0. 

A 
i FORCE T. to be 

consistent wlth 
AR, and G{ . 

Save old R's in "C" array. 
Computei 

Sn«l/2 .„n+l  .n+l. ,n+l. ;n+l/2 
n|    i Onj  • * i  '  i  '  1 

4 
Confute:  T"*' = Tn +At"

+,/2 

and Increment cycle number. 

i 
4 

Computei  P27+1 
If desired (10=0), print output 
and/or dump blank common on 
binary output tape. 

1 
i i 

Compute,  e^"2 

0* 
If calculation is completed, 
time has run out, or error has 
been detected: call UNCLE: 
otherwise, continue with cycle 
loop. 

4 

ENCALC 

TEMP IT 

ECALC 

.   RADIATION 
' SUBCYCcE   I 

Ensure last cycle printout. 
sped a common print, and 
binary tape dump. 
EXIT. 

UNCLE 

Figure 1.     The OUTPUT code:    Summary Flow Logic 
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KAPPA,   for absorption coefficients.     The calculation may be either frequency 

independent (grey) or frequency-dependent.     In the latter case,   the absorption 

coefficients and radiation fluxes are compuL»;d in each of a desired set of 

frequency groups,   and the fluxes are summed up to obtain the total flux at 

each boundary.    Absorption coefficients in the grey case are Rosseland- 

averaged opacities and are computed from analytic fits to the numerical 

calculations of Stewart and Pyatt (Ref.   6).     For multifrequency calculations, 

the program uses a table of group-averaged opacities,   which are read from 

a data tape prepared by an auxiliary program. 

ENCALC,   where the next calculations are performed,   gathers 

the heating rates,   computes the work done by each zone from the pressure 

and the rate of volume change,   and finds the increment of internal energy 

from the first-law equation.     One then obtains the corresponding increment 

of temperature in each zone.    After the temperature and specific volume 

are updated,   the equation of state is used to find the internal energy E,   the 

material pressure PI,  and the two partial derivatives of E,   9E/89 and 

9E/0T.     The difference between the first-law internal enerey El. and the 

equation-of-state energy E. is compared to the change in internal energy 

AEI. as a check on the accuracy of the calculation.    If the comparison shows 

they do not agr^e to within a certain specified value SI9,  the subroutine 

TEMPIT uses the   regula-falsi and interval halving iteration methods to find 

a temperature for which the equation of state will return an acceptable E.. 

At the conclusion of the energy checks in ENCALC,   all quantities describ- 

ing the system have been incremented from time t     to t       .     The main 

program (MP2) checks the time step DTR to determine if the radiation sub- 

routines have induced subcycling.    If radiation stability requires subcycling, 

DTR will have been set such that At is an even multiple of DTR.     Sub- 

cycling continues until the sum of all subcycling time steps is equal to 
.n+1/2 
At 

The last act in the cycle is the updating of the time t    to t and 

increasing of the cycle number by unity.    After some decisions have been 
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made regarding whether to print the information for thi» cycle and/or to 

dump common on a binary dump tape for future restarts,   control is passed 

to the beginning of the loop and a new cycle begins. 

In  table I,    a brief definition of terms used in   figure  1  is given and 

the variables used for storage in the code itself are specified. 

FLOW CHART OF RADIATION 

A flow chart of the radiation hierarchy is presented in figure 2 

through 6.    The figures that show the various « }*>routmes are as follows: 

RAD Figure 2 

STRANS Figure 3 

PXRANS Figure 4 

SCAT Figure 5 

STEP Figure 6 

OUTPUT CODE GLOSSARY 

This section contains a complete list of the FORTRAN variables 

appearing in several subroutines of the OUTPUT code.    For each variable, 

a brief definition or description is given.    A number in parentheses super- 

script to a variable indicates that the variable has been defined in the list 

of another subroutine,  as follows: 

(1) SCAT 

(2) STEP 

(3) STRANS 

(4) PTRANS 

(5) RAD 

Variables appear in alphabetical order within a subroutine list.    The storage 

allocation--Blank Common,   a name common,   or private storage,  which 

is used only within the subroutine--is al«o given. 
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» TABLE I 

DEFINITION OF TERMS USED IN FIGURE 1 

OUTPUT 

Definition Term Cod« 

|                                   ^1/2 = DTH2 ■ time increment for cycle loop 

c 
--  RDIA = maximum time step for Courant stability 

<Ui * DTRMIN ■ maximum time step for radiation stability 
for current cycle 

<,n ■ DTRMIN ■ maximum time step for radiation stability 
for previous cycle 

<* « RO) * «one boundary positions at time TH 

A°,in 
■ RD(i) - velocity of sone boundaries 

AR»4* B 
■ D£LTAR(i) < R(i 4  U  . R(i) 

«4 1 
Al - A(i) « area of »one (a r.       ) 

^1141/2 
¥4 = VD(i) ■ rate of change of aone volumes 

p2nM ■ P2<i» ■ artificial viscosity pressure 

.t>4l/2 ■ SMLQ(i) ■ rate of energy deposition by source 

.n41/2 
ri 

= CRU) ■ rate of energy deposition by radiation 

T„4t = SV(i) = specific volume of zone 

AEI^1 » PB(i) ■ first-law increment of energy change 

***** . W<i) ■ change in temperature during cycle 

•r1 
» THETA(i) ■ temperature of »one 

*r « CI(i) ■ first-law internal energy 

-r4 
■ E<1) = equation-of-state internal energy 

PI^1 
« PlU) ■ equation-of-state material pressure 

(»E/»e)"+1 * CVCi) ■ specific heat at constant volume 

(iE/ar)^1 
=  PBl(i) ■ self-explanatory 

t = TH ■ time 
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CnI 1ed 
f rom   RADTN 

i 
I n i t i n I i ze 

CalI KAPPA for 
grey opac i ties, 

Calculate At" 

Set up Y-1i nes, 

I 
Ini tialize frequency 
loop (IHNU 1). 

I 
If multifrequency  Cc 
KAPPA for opacities =»n 
define sources. 

Extend transport region^ 
by five mean free paths. 

Do diffusion or transport 
by defined regions. 
Diffusion is done directly, 
transport by calls to 
PTRANS or STRANS 

HD 

Set boundary source 
cond i t i ons, re tr i eve 
moment quantities from 
disk, =»nd set Compton 
terms. 

ITERATE 

Define source gradients 
and diffusion regions. ♦o 

f req. 
loop 

©H 

Multifrequency print 
if ca!led for. 

Update scattering moments, 
If iteration is required, 
loop; otherwise, proceed. 

Update moments and advance 
frequency.  (IHNU-IHNU+1) 
If last frequency, proceed; 
otherwise, loop. 

I 
Calculate   ER  and 
RETURN. 

Figure 2.     RAD 
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69 

SUMXM I )   F2 
FSP(I)   FS 
OX( I)   C(l) 

<:^(n\<]o'^> 
YES 

WO /    1   \ V« /^ /   ■  \ i^i i /   AD\ i ; 

NO 

LDF-2 
1 - 1 +1 

YES 
Y2( 1)   X6( 1-1) 

YSQDP-O.O 
JJ-1 
JJJ=1 
KK= 1 
CI-0.5*C(I AX) 
IT=IAX+1 

iTPOBG 1   ,«-2^ 
NO 

r\f-ni i*- |<10   *J> utDuu   rr\ i w i 

TYES 

Figure 3 (continued).     STRANS(N, M) 
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j 
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107 
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ysqoP -»(UK) 
FMU   YSQOP 
K   KK>IM-IB»'2 
TtMP(5)   rSQOP-»SQOI 

runoo CUT 
SI   Hi.0097 

o 

1 
JJ JJ'I 
KK KK- iruOUici )).? 

Cl   Clt0.75*C(l»X) 
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* EURO*   EXIT 

SI   Ki.0171 

tts T2( 1)   X6( I) 

«8( 11)   !((X-I)/C( lil)*TC{l' I) 
tor  i 

© 
Figure 3 (continued).     STRANS(N, M) 
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I    !AXP 

127 

FNL  SUMXUtl)-SUMX3(I) 
XSQOX(l)**2 
X2(l)-X2(l)fFNL*(XSQ+XSQ) 

171 

ERROR 
EXIT 
SUIU.OI7I 

133 

35 

FM( IBXPU-O.O 

XS=SQRT(CSQD(IBXP1+I)-CSQD(IBXP1 ) 
FM( IBXPl ) = Y2( IBXPI )+XS/C( IBXPH-I )* 
TG(IBXPI+I)*FREXP(-X5*H(IBXPI)) 

137 

TEMP(5)=CSQD(IBXPI)-YSQDI 
TEMP(II)=CSQD(I)-YSQD1 
FU-(TEMP(Iiy*(FM(IBXPI)+FM(IBXPI))+ 
(CSQD(IBXPI)-CSQD(I))*(SUMX«»(IAXP) + 
SUMX3(IAXP)))/TEMP(5) 
FLX=SUMX3{I)+SUMXU( I) 
FP=FLX+FU 
FPL=FP+FLX 
RHO(l)=RHO(l)+OX(l)*FP 
PR(I)-PR(I)+XSQ*(FPL+FLX)*OX( I) 
TR(I)=TR(I)+XSQ**2*FNL*U 

Figure 3 (continued).     STRANS(N, M) 
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YES 

PR( I )-=PR( I )*0.0833^/(CSQD( I )*C( I )) 
RH0(I)=RH0{I)*0.5/C(I) 
FL( I )=0.1666667*X2(I)/CSQD(I) 

1^7 

TR(l)=0, 

TR(I) = TR( I)*0.05/CSQD(I)**2 

151 

X2(I)=X2{I)*1.026E12 

zn 
1 = 1 + 1 

Figure 3 (continued).     STRANS(N, M) 
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181 

X8{I)-X(K)/C(I)*TG(I) 
HD=(X(K-1)-X(K))*H(I) 
11=1+1 
12-1 
R1=-X(K-1 ) 
R2--X(K) 

I ZN- I 
TG1--X8(1+1) 
TG2--X8(I) 

c CALL   STEP 

205 191 

X8(1)-X(K)/C(l)*TG(l) 

) 

FM(l)=F2 
FSM(I)-:FS 

(M> 
YES 

YES 

YES 

».—»». 

Y2(l)=X6(1-1) 

Y2(l)=X6(l) 

Figure 3 (continued).     STRANS(N, M) 
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197 

TEMP(16)   (Y2(lil)<X6(l))*0.5* 
TEMP(1)<(0.667*Y2(I) 
-0.5*Y2(1+1)-0.l67* 
X6(l))*TEMP(2) 

NN   0 

c 
I 

CALL   SCAT 

I J 
Q  AMAXKO.. 1 .-FMUS/H( I )) 
F2   FS,F2*(l.-TEMP(I))+ 

Q*TEMP(16) 

HD   X(K-1)*H[I) 
TEMP(1)   HDtHD 
11 Ml 
12 I 
Rl   -X(K-I) 
R2   0 

201 

HM I )   FREXP(-TEMP( I )) 
NN   I 
TEMP(7)   FREXP(-TEMP(2)) 
TEMP(13)   (X6(l)-Y2(I))/TEMP(2)**2*2.0 
TEMP(15)   (X6(l)-Y2(ItI))/(TEMP{I)-TEMP(2)) 
EST   \.-Hk{I) 

c CALL   SCAT 

I 
) 

Q   AMAXKO.. 1 .-FMUS/H( I)) 
F2   FStF2*H'»( I )iQ*( Y2( I ) < TEMP( 13)'TEMP(7) 
*(-TEMP( 15)-TEMP( I 3 )*( TEMP( 2 ) i I.)) «HMD* 
(TEMP( 15)-Y2( Ml))) 

*@ 

Figure 3 (continued).     STRANS(N. M) 
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223      .^^ 
YES 

221 

^—     F7 < n    ^^^ F2= 0.0 ' 

225          i™ 
FM{I)=F2 
FSM(l)=FS 

I 
J-IAXP 

TEMP(11)=CSQD(J)-YSQDI 
FNL=SUMX't(J)-SUMX3(J) 
XSQ=0X(J)**2 
X2(J)=X2(J)+FNL*(XSQ+XSQ) 
FU-(TEMP(11)*(FM(I)+F2)+(YSQDP-CSQD( J))* 

(SUMXMIAXP)+SUMX3(IAXP)))/TEMP(5) 
FLX=SUMX3( J )+SUMX't( J ) 
FP=FLX+FU 
FPL=FP+FLX 
RHO(J)=RHO(J)+OX(J)*FP 
PR{J)=PR(J)+XSQ*(FPL+FLX)*OX(J) 
TR{J) = TR(J)+XSQ**2*FNL*'*. 

233 

NN=0 

(CALL SCAT) 

Q-AMAX1(0.,1."FMUS/H( 1-1 )) 
F2=FS-F2*(1.-TEMP(1))IQ*TEMP( 16) 

© 

I 
J = J+1 

YES 

NO 

LRI = 2 
LDF=2 
1AXP=I+I 
SUMX3(l)=F2 
SUMX^CI)=F2 
l=IAXP 
K=K-1 
11=1-1 
12=1 
R1=0. 
R2=X(K) 

Figure 3 (continued).     STRANS(N, M) 
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237 
NN   I 
EST   l.-H'( I    I ) 

c CALL   SCAT } 

Q-AMAXI(0.,I.-FMUS/H{I-I) 
F2=FS+F2*Hlt( l-l ) + Q*(Y2( I )+TEMP( 1 5)+FREXP(-TEMP{ 1 ) 

+TEMP(2))*(-TEMP(I5)+TEMP(13)*(I.-TEMP(2))) 
-HU(|-I)*(Y2(l-l)+TEMP(13))) 

©" 
FNU-F2   FM(I) 
FNL=SUMX'»( l)-SUMX3(l) 
FXM=OX(l)-X(K) 
X2(I)=X2(I)+({X(K)+X(K)+OX(I))* 

FNU+(OX{I)+OX(l)+X(K))* 
FNL)*FXM 

5S. 
THICK= 
THICK-*((X(K)+X(K) + 
OX(l)1|*F2+(OX( l)+ 
OX(l)+X(K))*SUMXMl)) 
♦(OX(I)-X{K)) 

THICK=THICK+((XTUBE+XTUBE 
+OX(l))*F2+(OX(l) 
+OX(!)+XTUBE)* 
SUMX«»(l))*(OX( I) 
-XTUBE) 

I   

Figure 3 (continued).     STRANS(N. M) 
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263 

FU  FM( I )iF2 
FLX   SÜMXB(l)tSUMXU(l) 
TEMP(6)   OX(«)*OX{I) 
TEMP(7)   X(K)*X(K) 
FXP  OX(l)*X(K) 
FXP3   FXP**3 
FM1   FU-FLX 
RHO(I)   RHO(I)«FXH*(FU<FLX) 
PR( I)   PR( l)'FXP*(TEMP(6)<TEMP(7))*FMI*U.* 

(FLX*OX( l)*TEMP(6)-FU*X(lf)*TEMP(7)) 
TR(I)   TR(I)»FXM*(FNL*{FXP3'OX())*(3.* 

TEMP(6)-TEMP(7)))«FNU*(FXP3«X(K)* 
(3.*TEMP(7)«TEMP{6)))). 

SUMX"«r I)   F2 
SUM>!3( I )   FM{ I ) 
FSP{f)-FS 
OX(l)   X(K) 

^^tTG(lTh\^ YES 
Y?( 1 1^1 tf,( 1 ) 

^^^lO""^" ' 1 

TNO 

1=1+1 

IDF-2 

YES Y2(IKX6(I-1) 

>• .  

HD=(X(K)-X(K+1))*H(I-U 
R1=X(K+1) 

© 
Figure 3 (continued).     STRANS(N, M) 
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(m) 

39   I 
IAXP-IAX 
I-IAX 

LRI-2 
LOF-) 

207 

ERROR   EXIT 
Sl-H».0207 

2'4l 

F2   X6( IN-I) 

2U0 

X8(l-l)-0 
HO-X(K)*H(l-l) 
Rl-O. 

X8(l-I)-X(K+l)/C(l-l)*TG(l-l) 
WMX(K)-X(K+I))*M(I-I) 

2UI I 
H<»{ l-l)-FREXP(-HD) 

2 50 

©■ 
I 

il-l-l 
ia-i 
R2-X(K) 
IZN-I-I 
TGUX8( l-l) 
TG2-X8(I) 

c I 
CALL   STEP 3 

«gw- 

Figure 3 (concluded).    STRANS(N, M) 
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/^CALLED   FROM   \ 
VRAD        J 

IAX   N 
IBX   M 
IN   IA 
INM1- IN-1 
IMP1    IM+1 
IBXPI    IBXH 
IALPHA-ALPHA 

ERROR   EXIT 
Sl-I^.OlZO 

NY-LWA(37)-1 
NMU=(NY-1)*(NY+2)+l 
NGS-NMU<NY+J 
JJ=0 

UtO 

®- 
180 

LDF-I 

220 4 

I 
I    IAX 
F2-0.0 
FS-0.0 
FMU   RR(NKJ) 
LR I - > 

360 

ERROR   EXIT 

160 

ERROR  EXIT 
S1-I»».0160 

F2'X6(INMI) 

110 i 

Figure 4.     PTRANS 
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X8(I)   TG(l)*RR(NMU) 
IN 1-1 
12   I 
Rl   C( l-l ) 
R2   C(I ) 
IZN   l-l 
TGI   X8(l-l) 
TG2   X8{I) 

I 
C      CALL   STEP        J 

260 

SUMX3(I)-F2 

H       Y2(1)^X6(1) 

YES 

TEMP(I).H2(I-I)/RR(NMU) 
H*»( l-l )   FREXP(-TEMP( l)-TEMP( I )) 
F2   F2*HM l-l) 

Figure 4 (continued).     PTRANS 
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320 

370 

LDF 

U00 

520 
® 
- ".   /■ . r ä   u.u 

350 
ERROR   EXIT 
SlH».0350 

«♦90 

I IBXPI 
FS 0.0 
LRI 2 

360 
+ ERROR   EXIT 

SI    144.0360 

F2-X6(IMPI) 

USO 
I YES 

3UMXU(l)-F 

I 
7} 

X2( I)-X2( I)-(F2-SUMX3(I))♦««(NGS) 
AW)  ) RHO l)*(F2*SUM>t3(l))*«R{NGS)/RR(NMU) 
PR( I )• PR( I ) + (F2*SUMX3{ I ) )*«»*(MGS )*RR(MMU) 

Tli(l)"T5i|))-(F2-SUMX3{l))*«R(MGS)* 
R«(NUM)*«R(MMU) 

LDF-2 
FSP-FS 
l.l-l   

YES 

TEMP{I).H2(l)/RR(NHU) 
HU(I)^FREXP(-TEMP(I)-TCMP(I) 
FJ.F2*««»(I)  

Y2(«*l)-X6(IJ 

Figure 4 (continued).    PTRANS 
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Mü^ 

YES 
Y2(l)-X6(l) 

l+l 
I 

( 1 

R1--C(l+I) 
R2=-C(I) 
IZN-I 
TGI--)r8( l + l) 
TG2--X8(I) 

c I 
CALL   STEP 

UUO I J 

SUMXU{I)-F2 
X2(l)   X2(I)-(F2-SUMX3(I))*RR(NGS) 
RHO( I )«RHO( l)+(F2+SWX3( I) )*RR{MG?)/RR(NMU) 
Wl(l)-FR(Ij+(F2tSUMX3{ I))*RR(NGS)*RR(NMO) 
filiUiiiil 
TR(l)-TR(l)-(F2-SUMX3{I))*RR(N&3)*R«(NMU)♦*2 

Figure 4 (continued).     PTRANS 
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VES 

TEMP(I)   H2(l)/RR{NMU) 
HU{1)   fRCXP(-TEMP(I)-TEMP{I)) 
r2   F2*Hl«( I ) 

510 

SUMXM I)   F2 
X2( I)   X2(i)-(F2-SUMX3( I))*RR{NGS) 
RHO(I)   RHO(I)t(F2*SUMX3(I))*RR(NGS)/RR{NMU) 
PR( I)   PR(I)t(F2«SUMX3(())*RR(NGS)*RR(NMU) 
FL   I)   X2{l) 
TR( I )'TR(I)-(F2-SUHX3(I))*RR(NGS)*RR(NHU)*RR(NMU) 
1-1-1 

539 
| OHWU  HWUP-HWU | 

^0 ♦ 
JJ   JJ+I 
NHU   NMU-' I 
NGS  NGS*I 

VES 

Figure 4 (continued).     PTRANS 

43 

 » 



AFWL-TR-67-131,   Vol III 

0 
3»0 

SUMX3(l)=F2 
FSM(l)-FS 
LDF-2 

1 = 1 + 1 

YES 

YES 

TEHP(])=H2{1-1)/RR(NMU) 
H^C1-1)=FREXP(-TEMP(1)-TEMP(1)) 
F2-F2*H*«{ 1-1) 

Y2(l-1)-X6(l-1) 

210 

X8(1-1)=TG{1-I)*RR^ 

© 

Figure 4 (concluded),    PTRANS 
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(CALLED   FROM^ 
STEP J 

K-MINO(I 1. 12) 

YES 

102 

YSQ-FMU 
XX R2*R2 
XP RI*R1 

lot« 

SQMU-I 
FMUX-I 

SQMU 0.5*(XP/{XP+YSQ)+XX/(XX-tYSQ)) 
FMUX-SQRT(SQMU) 

106 I 
I 10 

DX=R2-RI 

HZ 
FKJS-FMS(K) 
BB-FI0( I2)-Fl0f M)+SQMU*(FI2(I2)-FI2(I1)) 

H5 

D0-FI3( I2)-FI3( M)+SQMU*(FH(I2)-FM( M)) 

5 

100 

SqMU-FMU*FMU 
FMUX   FMU 
DX-DELTAR(K)/FMU 
R1-R1/FMU 
R2-R2/FMU 

Figure 5.     SCAT 
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FS=0.375*FMUS*DX*((FIO( I 1 )+SQMU*FI2( II )* 
(1.-HD)+0.5*BB) 

C    RETURN   J 

AA=R2*(FI0( M)+SQMU*FI2(II)) 
-R1*(FI0(I2)+SQMU*FI2( 12)) 

FS=0.375*FMUS/(HD+HD)*(AA*EST+BB* 
(DX+RI*EST)-BB*DX*EST/(HD+HD) 

5 
Figure 5 (continued).    SCAT 
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YCS 

if  f yo( i?)-r oo( 11) 'SQMU*(rQ2( I2)-FQ2(I I)) 
MM  rQ3( l2)-rQ)(II)'50MU'(rQI( l?)-rQI( M)) 

r$!   ( I .-A) )*(( I .-HO)*(FIO( I I )iSQMU*n2{ I 1 ))i0.5*BB) 
rS2   -AI*rMUX*(( I .-HD)*(FI3( I l)iSQMU*FI l{ I I ))'0.5*00) 

FS  0.3 75*FMUS*(FSI'FS2)*OX 

FS3   A3*(( l.-HD)*(FQO( I 1 )*SQMU*fQ2( n))t0.5*FF) 
FS<«   A3*FMUI(*(( l.-H0)*FQ3( I I ) <SQMU*FQI ( I I )'0.5*«M) 
FS  0.3 75*rMUS*(FSMFS2>FS3»FSl»)*0X 

?S I 
FMUS   FMUS*GMP *-© 

THOBC  IROBCfc"». 

IS3L 

FS  0. 
< *i    nfim* 3 

Figure 5 (continued).     SCAT 
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CALLED  FROM  P 
AND   STRAWS 

YES 

HO>0.01    >♦ 

NN   I 

YES 

EST-I.-M*»{IZN)**2 

I 

r2   Y2( M)-TG» 

Hk{ IZM)-TREX»>(-HO) ] 

•*(     CALL   SCAT     ) 

Q   AMAXU0..1.-FMUS/H( IZN)) 
NN1   NM+« 

F2-FS+F2*M««{ IZH)**2^Q* 
Y2( «2)-TG2+((TG)-Y2(M))* 
HU( IZN)4TG2+TG1*H'»( IZH)) 

F2 = FS+F2*( \ . -HD-HD)+<}* 
{((r2(II)+Y2(I2))* 
0.5+X6(IZH))*HO) 

r2=o. 

(   RETURN   }♦ 

Figure 6.    STEP 
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SCAT 

AA 

Al 

A3 

BB 

CC 

CVB 

DD 

DELTAR 

Following the notation of Eq.   (30).  AA is A   Ax as 
defined there.    Private. 

DX 

EE 

EST 

FF 

FIO 

This is defined in Eq.   (31). 
JIM Common. 

It is evaluated in R^D. 

This is defined in Eq.  (31).    It is evaluated in RAD. 
JIM Cr nmon. 

This is B • Ax as ccfined in Eq.   (30).    Private. 

This is C • Ax as defined in Eq.   (30).    Private. 

This input ouantit*/,  the negative intensity abort flag, 
is described on p.   87 of this report.     Blank Common. 

This is D-Ax 3s defined in Eq.   (30).    Private. 

Used in definition of DX in the plane case only.    This 
variable in rj^1 - rf**i   evaluated in HYDRO.    Since 
rn,   the SPUTTER variable C,   is used elsewhere in 
the radiation routines to define coordinates,   it is 
recommended that the statement two lines below 
statement 100 be deleted and the GO TO HO three 
lines below that be replaced by GO TO 106.    This 
would give a more consistent,   cheaper definition of 
DX.    Blank Common. 

The distance from the initial to the final point of the 
current step along the characteristic ray,   given in 
Eqs.   (29) and (30),   both as A and Ax.    Private. 

This is E ■ Ax as defined in Eq.   (30).    Private. 

This is 1 - e"^T,  where AT is the optical depth of 
the current step.    Evaluated in STEP and kept to 
avoid redundant calculation.    JIM Common. 

This is F* Ax as defined in Eq.   (30).    Private 

This is the mixture of moment quantities 3I0 - I2. 
as defined in Eq.   (31).    The last character of the 
variable is a zero.    Although doubly indexed (frequency, 
zone) in Eq.   (31),   it is singly indexed (zone) in the 
OUTPUT code.    Since the code calculates downward in 
frequency,   the variables for the next upper (previous) 
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FIO  (continued) 

FI1 

FI2 

FH 

FMS 

FMU 

FMUS 

FMUX 

frequency are available in FQO,  etc.    The full set of 
FIO, etc.,  over frequency is stored on drum or disc, 
since there is no longer room in core storage for the 
doubly indexed array.    PALMER Common. 

This is the mixture of moment quantities 3I| • SI3, 
as defined in Eq.   (31).     Used only in Compton 
scattering.    PALMER Common. 

This is the mixture of moment quantities 31^ - I©- 
as defined in Eq.   (31).    PALMER Common. 

This is th« mixture of moment quantities 3I3 - 5Ij, 
as defined in Eq.   (31).    FIO.   FI1.   FI2.   and FI3 
are all evaluated in RAD.    PALMER Common. 

This zone array is 1/2 M8.  defined in Eq.   (5), 
evaluated in RAD.  using SOLID(37),  an input 
quantity,  for c .    Equivalenced to SMLA in Blank 
Common. 

This is a linkage variable that provides information 
about the characteristic line.    In plane geometry,  it 
is simply  IM |.   the absolute value of the cosine of 
the angle with respect to the normal.    In spherical 
geometry,  however,   it is y^,  the square of t^e impact 
parameter, evaluated once each y-line in STRANS. 
An approximate average value for n is calculated in 
SCAT in this case.    In both plane and spherical 
geometry,  the derived parameter is the absolute 
value of the cosine.    JIM Common. 

This variable,   set to FMS(K) early in SCAT,   is multi- 
plied by CMP before being used in STEP to calculate 
an approximate /ia/(na + iiB).    The multiplication by 
GMP is done only in the case of Compton scattering. 
It is not clear that this variable is needed as linkage. 
A slight speed gain is achieved at the cost of clarity. 
JIM Common. 

This is the angular variable M defined beneath 
Eq.   (1).    It is unfortunate that the angular variable 
H can be so easily confused with the photon absorption 
pnd scattering coefficients nA and jxsi   but It appears 
to be th«? common notation and Is reflected In this 
computer program.    Private. 
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FQO 

FQ1 

FQ2 

FQ3 

FS 

FS1 

FS2 

FS3 

FS4 

GG 

GMP 

HD 

This is the mixture of moment quantities HQ •• 1^ 
and corresponds to the FIO (J + 1.  x) used in Eq. (30). 
That is.   it  is the FIO zone array of the  next 
higher (previously treated) frequency group.    For 
the first group,  these quantities are set zero in RAD 
and are not used in SCAT.    It should be noted that the 
sero assumption is a particularly poor one as 
discussed on p. 82 of this report.    The last character 
of FQO is a zero,  and the array is in PALMER 
Common. 

The array corresponding to Fit.    PALMER Common. 

The array corresponding to FI2.    PALMER Common. 

The array corresponding to FI3.    PALMER Common. 

This is the scattering intensity,  the "result" of 
executing the SCAT routine.    It is the right-hand 
side of Eq.   (29).    JIM Common. 

The right-hand side of Eq.   (29).  which gives the 
detailed formulation of the scattering intensity, 
has four lines.    Except for the factor M8/M •   3/16. 
FS1 is an intermediate term representing the first 
line.    Private. 

Represents vhe second line of the same equation. 
Private. 

Represents the third line of the same equation. 
Private. 

Represents the fourth line of the same equation. 
Private. 

This is G •  Ax as defined in Eq.   (30).    Private 

This is 1 -  2yI mentioned on p.  82 of this report. 
It appears in Eqs.   (19) ff.    JIM Common, 

This is 1/2 (CpAx,  where Ax is the geometrical 
length of the current step along the characteristic 
ray,  p is the density,   and /c is the photon coefficient 
Ka + (Cs.    Thus,   HD,   evaluated in PTRANS or 
STRANS and used in STEP and SCAT,   is one-half 
the optical depth of the step.    JIM Common. 
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HH 

HVB 

1ALPHA 

IHNU 

1MHAD 

II 

U 

K 

NN 

Rl 

R2 

SOLID(36) 

SQMU 

This is H   • Ax as defined in Eq.   (30).    Private. 

This input quantity,  the negative scattering intensity 
debug print flag,   is described on p. 87 of this 
report.    Blank Common. 

The geometry flag (1 = plane.   3 = sphere).    Used in 
SCAT to obtain FMUX and SQMU. given FMU. 
Blank Common. 

The frequency group index,  used in Compton scat- 
tering to branch to simpler coding for the first 
frequency group.    LINDLY Common. 

A divide check abort flag.    Private. 

The index of the left-hand boundary of the current 
step.    Evaluated in PTRANS or STRANS,  used in 
STEP and SCAT.    JIM Common. 

The corresponding index of the right-hand boundary. 
JIM Common. 

The zone index of the current step,   naturally the 
lesser of U and 12 provided that the characteristic 
ray at closest approach always is tangent to a zone 
boundary,  as it is for the current standard SPUTTER 
and the OUTPUT code.    Replacing K with IZN 
(see STEP) would remove this as a necessary con- 
dition,   rendering SCAT safely generalizable.   Private. 

This is a thick-thin flag set in STEP to allow SCAT 
to execute either Eq.   (29) or Eq.   (32),  whichever 
is appropriate.    JIM Common. 

The x-position of the left side of the step,  not the 
radial position in spherical geometry.    In STRANS, 
Rl and R2 are evaluated directly.    In PTRANS,  Rl 
and R2 are set to the slab coordinates and then 
adjusted for slant angle in SCAT.    JIM Common. 

The x-position of the right side of the step.    JIM 
Common. 

The Compton switch described on p.   86 of this report. 
Blank Common. 

H  ,  where n is given by the variable FMUX.    Private. 
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SI 

TERM-i 

The SPUTTER error flag.    See pp.  88-91 of thi« 
report.    Blank Common. 

Thi» is an intermediate quantity 

-ar.A 
x2 - x1 « e     i 

TRDBG 

XP 

XX 

YSQ 

appearing four times in Eq.  (29).    Private 

This quantity,  equivalenced to ACO^T4 in Blank 
Common,  is the transport debug print flag.    Zero 
for normal operation and no print,  non-zero for 
transport debug print.    It is changed in SCAT to 
trigger a print and then turned back in PTRANS or 
STRANS to forestall more prints,   if HVB is set and 
a negative intensity is encountered. 

This is Rl**2,  used to find a. n in the spherical case. 

Private. 

This is R2**2,  used to find a y in the siherical case. 

Private. 

This is the square of the impact parameter,  used to 
find n in the spherical case.    Private, 

STEP 

EST (1) 

EMUS 

FS(1) 

F2 

H 

(1) 

HD (1) 

This is the intensity on the right side of the step, 
the "result" of executing the STEP routine.    It appears 
as I(xo) on the left side of Eq,   (27).    JIM Common. 

J    ■ 
This is a zone array of /cp = ^^+ Ms.   equivalenced to 
BIGB,   evaluated in RAD,   and used in the formation 
of Q.    Blank Common. 

54 



AFWL-TR-67-131.   Vol III 

I 

H4 

IZN 

II 

,(1) 12' 

LDF 

LRI 

NN 

NN1 

(D 

TGI 

TG2 

Thi« is a zone array of e' T,  where HD 
(»ee SCAT) is 1/2AT.    It is formed in STEP if one 
is proceeding inward in spherical geometry or 
forward in slab geometry and is available in the 
reverse case.    It is equivalenced to SMLH in Blank 
Common. 

This is the index of the zone being traversed in the 
current step along the characteristic ray.    Evaluated 
in PTRANS or STRANS.  used in STEP.    JIM Common. 

In subsection 2. 1. 5 of reference 2, the three initial 
boundary conditions for Ij.i (initial value of F2) are 
described.    For the first two of these,   F2 is defined 
in PTRANS or STRANS,  and for the general case, 
F2 is left over from the previous step.    However, 
for the third case,  diffusion,   the initial intensity is 
given by Eq.  (2. 19) of reference 2, and this is executed 
in STEP.    If LDF is 1,  the diffusion boundary condition 
is applied.    If LDF is 2,   F2 is assumed to be properly 
initialized.    LDF,   in JIM Common,   is evaluated in 
PTRANS or STRANS. 

This is the left-right index,   used to decide whether 
to evaluate H4.    It is set in STRANS or PTRANS. 
JIM Common. 

This is NN + 1,   set to allow a computed GO TO on 
the thick-thin flag.    A code reform would increase NN 
by 1 in the several places in PTRANS and STRANS 
where it is set,  and would eliminate the need for a 
second variable.    Private. 

This is,  or should be,  Ma/(Ma + H8).    In the current, 
rather crude calculation of this quantity,  Q is set 
zero in case the value should go negative.    Private. 

This is the slant source gradient along the charac- 
teristic ray,   evaluated at the left side of the current 
step,  Ri.    This quantity appears as Mi.i (9B/9h)|i_i 
in Eq.   (2. 19) of reference 2.    JIM Common. 

This is the corresponding quantity evaluated at the 
right side,  R2.    JIM Common. 
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X6 

Y2 

Thi« is a zone array of the source Bj in Eq. (24), 
evaluated at the zone center. Calculated in RAD. 
Blank Common. 

This is a zone array of the source evaluated at the 
zone boundary according to criteria discussed in 
subsections 3. 2 and 5. 1. 3 of reference 2 (see also 
the model in subsection 2. 1. 1 of reference 2).   Equi- 
valenced to X5 in Blank Common,   evaluated in RAC, 
and adjusted in STRANS if TO (nee STRAWS) is zero. 

STRANS 

DELTAR 

,(1) 

Variables 

(1) 

defined in the STEP or SCAT lists are given first. 

(1) 

Esr 
FMU (1) 

EMUS 
,(1) 

(1) 

FS' 

F2 
(2) 

(2) 

H 

HD (1) 

H4 (2) 

IALPHA 

IHNU(1) 

IZN<2> 

ALPHA 

(i) 

CNT1 

12' 

LDF (2) 

(2) LRI 

,(1) NN' 

Rl 

R2 

51 

(1) 

(1) 

(1) 

TGI (2) 

TG2(2) 

TRDBG 
:(2) 

(1) 

X6y 

Y2 (2) 

The geometry indicator in real form (see IALPHA 
SPUTTER has both real and integer forms for this 
variable.    Blank Common. 

(1), 

n 
The "old" space variable,   ri,  used throughout the 
radiation codes.    Blank Common. 

The updated cycle number,  evaluated only if a 
transport debug print is called.    Private. 
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CSQD 

Cl 

DHNU 

EPSI 

FL 

FLX 

FM 

FM1 

FNL 

FNU 

Evaluated in RAD and used there and in STRANS, 
thi. i. a zone array of the square of the coordinate. 
C'*i.   and is provided to save multiplication, within 
irequently executed loops.    It probably saves 
relatively little time and can be considered one 3f 
the more expendable arrays.    Equivalenced to CRTC 

in Blank Common. 

For 1AX > 1.  there is an interior solid or diffusion 
region.    Even if this consists of many ^ones.   one 
requires, nevertheless, only a few y-lines.   As stated 
[n sub.-tion 2.2.2 of reference 2. "If a diffusion region 
having an outer boundary rD exists inside the tra«- 
port region,  y-lines are placed as near as PO"* * 
to 0. 5 rD.  0.75 rD.  and rD penetrating the diffusion 
region. "   Cl is set first to 0. 5 rD and then to 
0. 75 rD to provide this placement.    Private. 

The width,   in eV.  of the current frequency group^ 
Set in STRANS and it  is probably not used.    L1NDLY 

Common. 

Radius of OUTPUT sample tube.    Blank Common. 

A separate array of the first moment of the intensity. 
f1   tft*.   normalized differently from X2 and used 
in the evaluation of the scattering moment quantities. 
Equivalenced to SMLB in Blank Common. 

An intermediate quantity.   I. + 1+ along the previous 
y-line.  used in calculating the intensity moments. 

Private. 

The array of I   along the current y-line.    Four 
intensities are required to calculate the moment 
quantities for a particular zone boundary and ?-*»*• 
One can be used immediately after being calculated; 
the others have to be avaUable in zone array storage. 
Equivalenced to ER in Blank Common. 

The intermediate quantity {I    + I.) along the current 
y-line minus (I+ + IJ along the previous y-line. 

Private. 

The intermediate quantity (I+ - lj along the previous 

y-line.    Private. 

The intermediate quantity (1^      ' J along the current 

y-line.    Private. 
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FP 

. 

FPL 

FSM 

FSP 

FU 

FXM 

FXP 

FXP3 

GL 

HNU 

HNUP 

H2 

I 

IAX 

Evaluated and used in the   'top »lice" section,  this 
intermediati« quantity is I_ + 1+ + Ij. where IT is an 
interpolated ^alue at the top of the arc.   See subsections 
Z. 3. 2 and 5. 2. 5 of reference 2.    Private. 

This is 2(1 + V+ v See discussion of FP.    Private. 

The zone array of scattering intensity on the inward 
sweep.    Stored for display in the debug print.    Equiva- 
lenced to SMLD in Blank Common. 

The corresponding array of scattering intensity for 
the outward sweep.    Equivalenced to SMLE in Blank 
Common. 

I   .    See discussion of FP.     Private. 
T 

On the zone boundary,  the x of the previous y-line 
minus the x on the current y-line.    Private. 

On the zone boundary,  the x of the previous y-line 
plus the x on the current y-line.    Private, 

The cube of FXP.  used twice in evaluating the third 
moment of the intensity.    Private. 

If positive,  there is a blackbody exterior to the 
radiation region.    The initial intensity is set accord- 
ingly.    Blank Common. 

The frequency (eV) of the lower limit of the current 
frequency group.    Set to lO"3 for a grey problem. 
LINDLY Common. 

The frequency (eV) at the upper limit of the current 
frequency groap.    LINDLY Common. 

Depending on SOLID{10),   an input quantity.   H2 is 
a zone array of one-hali either the Planck or Rosseland 
optical depth.    Planck if SOLID(IO) is zero; otherwise. 
Rosseland.    Used to define optical depth in the trans- 
port routines.    Evaluated in RAD.    Equivalenced to 
EC in Blank Common. 

Generally used in STRANS to denote the zone or zone- 
boundary index.    Private. 

The left (interior) zone limit of the current transport 
subregion,   inside of which may lie a diffusion region, 
an interior blackbody,  or the centev.    Private,  but 
linked to RAD by the first argument of the subroutine. 
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IAXP 

1AXP1 

IBX 

IBXP1 

IM 

IN 

IT 

ITUBE 

JJ 

JJJ 

K 

KK 

KKK 

An index denoting the lower limit of zone boundaries 
for which a top-slice calculation is to be made. 
Private. 

The lower limit of zone boundaries to be treated in 
the transport debug print for a given y-line; this is 
the maximum of IAX,  IAXP-1.    Private. 

The right (exterior) zone limit of the current trans- 
port subregion.    Private,   but linked to RAD by the 
second argument. 

This is IBX + 1 and is the upper zone-boundary limit 
of the current transport subregion.    Private. 

The right (exterior) zone limit of the whole radiation 
region,   set in RAD.    LINDLY Common. 

The left (interior) zone limit of the whole radiation 
region,   set in RAD.    LINDLY Common. 

A running index used in setting up y-lines;   its 
function is probably obsolete.    Private. 

Index of zone boundary at which OUTPUT sample tube 
is affixed.    Set to LMDA(26),  the input quantity,  near 
the beginning of STRANS.    Used only because sub- 
scripted subscripts are illegal in FORTRAN.    Private. 

Used as the running index of the top-slice DO loop, 
where I is *. limit of the loop.    Private. 

The y-line index.    Private. 

Set to JJ throughout,   its function as distinct from JJ 
is to be found in the coding given in reference 2 (since 
deleted).    It was involved ir a y-line skipping pro- 
cedure,  now prohibited by scattering considerations. 
A code cleanup would remove JJJ.    Private. 

This is the index for the variable X.    Private. 

A counter updated from the X array which gives a 
"master index" for a given y-line.    Private. 

An index for X used in the transport debug print. 
Private. 

59 



AFWL-TR-67.131,   Vol III 

KOOOFX 

KX 

LMDA(26) 

NY 

OX 

PR 

Q 

RHO 

SOLID(18) 

SUMX3 

SUMX4 

TEMP{1) 

TEMP(2) 

A dummy argument used in CALL DVCHK,  analogous 
to IMHAD(*).    When codes were processed from 
FORTRAN II to FOR J RAN IV by SIFT,  the dummy 
variable KOOOFX was invented,   where the middle 
characters were zeros.    By historical accident,  the 
characters in this variable are letter O's.    A code 
cleanup would change this to KX.    Private. 

A dummy argument used in CALL DVCHK.    Private. 

The input quantity that defines ITUBE.    Blank 
Common. 

The number of y-lines.    LINDLY Common. 

A zone array storing X for the previous y-line. 
Since all the X are available,   OX could be dispensed 
with if an index analogous to K but for the previous 
y-line were defined.    Equivalenced to W in Blank 
Common. 

A zone array for the second moment of intensity, 
/   - I^i    dji.     Used in calculating the scattering moment 
quantities.    Equivalenced to X7 in Blank Common. 

(2V 
Same meaning as Q     ,  but different storage.   Private. 

A zone array for the zeroth moment of intensity, 
/   . I dfi.    Used in calculating the scattering moment 
quantities and,   in RAD and elsewhere,   as radiation 
energy density.    Blank Common. 

The current cycle number.    Blank Common. 

A zone array for I_ along the previous y-line.    See 
discussion of FM.    Equivalenced to CHIC in Blank 
Common. 

A zone array for I,   along the previous y-line.    See 
discussion of FM.    Equivalenced to BC in Blank 
Common. 

In SPUTTER,  the TEMP array is used by many sub- 
routines for scratch storage.    Liberal use of it was 
made in STRANS,  especially for "top-slice" coding. 
(See subsections 2.1.2, 2.3.2, and 5.2.5 of reference 2.) 
All the TEMP variables are in Blank Common. 
TEMP(l) is used to give half the optical depth of a 
top slice,   or the full optical depth of one side of it. 

This is A   ,_ (defined in subsection 2.1.2 of reference 2). 
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TEMP(5) 

TEMP(6) 

TEMP{7) 

TEMP{9) 

TEMP(ll) 

TEMP(13) 

TEMP(15) 

TEMP(16) 

TG 

THICK 

TR 

XS 

XSQ 

This is rjBXp!  - yy    where j is the index of the last 
y-line used.    Intermediate quantity in calculating 
intensity moments in a top-slice calculation, 

x    of a point on the previous y-line. 

The corresponding x for the current y-line. Also 
used for an entirely different purpose, e-TEMP<'i' 
in a top-slice calculation. 

Used as the y-value of the last y-line treated,  which 
need not be Y(JJ-l),   since lines may be skipped. 

This is tl - y2.  used in calculating FU in a top slice. 

A special top-slice source gradient, F, defined in 
Eq.   (2.13),   subsection 2. 1. 2,   reference 2. 

G defined in Eq.   (2. 13),   subsection 2. 1. 2, reference 2. 

In the top-slice thin approximation,  this is the last 
term of Eq.  (2.15),  subsection 2. 1. 2,   reference 2. 

The source gradient, defined in RAD.  Itmaybe set zero 
depending on conditions discussed in subsection 5. 1. 3 
of reference 2.    See also table II in this report.    This 
is a zone array equivalenced to V in Blank Common. 

This is the "OUTPUT-output, "  in gross outward 
flux down a tube of specified radius at specified zone 
boundary.    LINDLY Common. 

A zone array for the third moment of intensity, 
J1    Ijn3 dfi.    Used in calculating the scattering moment 
quantities.    Equivalenced to SMLC in Blank Common. 

/ 2        2 
This is an array of all the valuti of N/ri  - y.  for all 
y-lines set up early in RAD.    The X array is evaluated 
in RAD,  outside the frequency loop,   in order to save 
taking thousands of square roots within the frequency 
loop,   say,   in STRANS.    For each y-line,   in addition 
to the set of x values,  there are stored in the X array 
the number of x values and the negative of y  .   DAVIS 

Common. 

In the final top-slice calculation,  this variable is 
_2 2 Used to calculate an initial dif- 
rIBXPl+l - rIBXPl .   U!,cu 

fusion intensity.    Private. 

For a given cell boundary,  this is x2 for the previous 
y-line.     Used as  an intermediate quantity in evaluating 

moments.    Private. 
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XTUBE 

X2 

X8 

Y 

YSQDP 

YSQD1 

This is ^rixuBE " ^PSI  ,   the x-value of the inter- 
section of the OUTPUT sample tube with the zone 
boundary at which the tube is affixed.    Private. 

This is the first moment of the intensity    /_. Ifi du, 
normalized before exiting STRANS to serve as the 
radiation flux for the calculation of heating rates. 
Blank Common. 

This is a zone array of the slant source gradient, 
TG   •  x/r.    Equivalenced to X4 in Blank Common. 

This is the array of values of y,   the impact parameter, 
for y-lines.    Equivalenced to BIGA in Blank Common. 

2 
This is convenient storage for y    of the current y-line. 
Private. 

2 
This is convenient storage for y    of the previous y- 
line.    Private. 

PTRANS 

Variables defined in the STEP,  SCAT,  or STRANS lists are given 

first. 

ALPHA 

^(3) 

DHNU 

FL(3' 

EMU 

►It) 

(3) 

(3) 

(1) 

FSX 

FSM 
(3) 

ESP 

.(2) 

(3) 

E2, 

GL (3) 

HNU (3) 

HNUP 
(3) 

H2 
(3) 

H4<2) 

,(3) 

IALPHA 
-(3) 

(1) 

IAXX 

IBX (3) 

IBXP1 

r(3) 

(3) 

IM' 

IN (3) 

IZN 

(1) 

(2) 

II 

12 (1) 

KOOOFX 
,(2) 

(3) 

LDFV 

(2) 
LRI 

.(3) PR' 

RHO 

,(1) 

(3) 

Rl' 

R2 (1) 

SOLID{18) 

.(3) 

(3) 

SUMXS' 

SUMX4 

(1) 

(3) 

SI 

TG (3) 

TGI 
(2) 

(2) TG2 

TR(3) 

TRDBG 

X2^ 

X6 

X8 

Y2 

(i) 

(2) 

(3) 

(2) 
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IA 

ICX 

ICY 

IMP1 

INM1 

JJ 

JJJ 

LMDA(37) 

NGS 

NMU 

NY 

RR 

TEMP{1) 

The left-hand (interior) zone index of the SPUTTER 
vapor region.    Since this may not correspond to the 
left limit of the radiation region, IN (defined in RAD) 
should be used and not redefined (perhaps erroneously) 
in PTRANS.    Code revision is needed here.    Blank 
Common. 

The right-hand zone limit of region with source. 
Set to IM in RAD,   it is retained solely to procrastinate 
on cleanup in PTRANS.    DAVIS Common. 

The left-hand zone limit of region with source.    See 
ICX.  DAVIS Common. 

(3) IM+1 

IN-1. 

See INT 

See IN (3) 
Private. 

Private. 

The index of a characteristic line, analogous to the 
y-line index Jj(3). Maximum legitimate value is 5. 
Private. 

JJ+1,  used in the transport debug print.    Private. 

The input quantity specifying the number of charac- 
teristic lines to be used (a maximum of 6).    Blank 
Common. 

The index of Gauss weights.    See RR.    Private. 

The index of angles.    See RR.    Private. 

The upper limit to JJ,   set to LMDA(37)-1.    LINDLY 
Common. 

The plane transport calculation is a scheme of 
evaluating intensities along characteristic lines and 
integrating these (forming the moments) by the 
"double Gaussian" method, where special weighting 
quantities corresponding to the angular intervals are 
stored.    A table of average angles and corresponding 
Gauss weights for 2,   3,  4,   5,  and 6 angular intervals 
is stored by DATA statement in RR and used in the 
finite sum formulation in the code.    There are 40 
entries.    Private. 

This is 1/2 p/c Ax,   one-half the slant optical depth, 
calculated in the case of no source,  an option now 
eliminated.    See ICX,  ICY,  and p. 79 of this report. 
A code cleanup would delete reference to TEMP(l). 
Blank Common. 
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RAD 

Variables defined in SCAT,  STEP,  STRANS,   or PTRANS are given 

first. 

Al (1) 

(1) A3 

c'3' 
CNT1 

CSQD 

(3) 

(3) 

DHNU 

FI0(1) 

FI1 

(3) 

FI2 

(1) 

(1) 

FI3 (1) 

FL (3) 

FMS (1) 

FQO 

FQ1 

FQ2 

FQ3 

(1) 

(1) 

(1) 

(1) 

GMP 

(2) 

(1) 

H 

HNU (3) 

(3) HNUP 

H2(3' 

l'3' 

IALPHA 

IAX(3) 

(1) 

IBX 

ICX 

ICY 

(3) 

(4) 

(4) 

IHNU 

IM<3' 

IMP1 

T{3) 

(1) 

(4) 

IN' 

INM1 

KX(3) 

PR 

(4) 

(3) 

.(3) 
RHO 

SOLID(18) (3) 

SOLID(36) 

(1) 

(1) 

SI 

TO 
(3) 

THICK 

TR(3) 

(3) 

(3) 

X 

X2 (3) 

X6 

„(3) 

(2) 

Y2 (2) 

AIP 

BETA 

BE TAP 

BLANK3 

cr-l 
The SPUTTER area term, err       ,  a zone array,  used 
in calculating the radiation flux at the external boundary 
for either diffusion or no vapor.    Blank Common. 

2 ? 
This is the intermediate quantity hv i /m C  Av-   in 
Eq.   (31).    Used in forming Al.    Private. 

The quantity hv/e,  often represented by the variable u. 
In this case,  hv is the minimum photon energy for the 
current frequency group.    Private. 

The quantity hv/e,  where hv is the maximum photon 
energy for the current frequency group.    Private. 

Used in radiation supercycling.    If the time step 
calculation in RAD calls for supercycling,   BLANK3 
is set to the current time plus whatever is allowed 
for the supercycle.    Blank Common. 
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CAPAC 

CAPAR 

CNTMAX 

CPA 

CPB 

CPC 

CV 

DFB 

DHNUP 

DTH2 

DTR 

^Planck'   evaluated in KAPPA or one of its sub- 
routines and used in RAD.    CAPAC(150-152) is 
reserved for special input quantities.    See p. 86 
of this report.    Blank Common. 

/C ,,   evaluated in KAPPA or one of its sub- 
rout!nlsaSnd used in RAD. CAPAR(121-150) used 
for up to 15 frequencies of "OUTPUT-output" flux 
x'atcs and fluxes accumulated over time. This rather 
clumsy storage mechanism sets an upper limit of 
120 zones and 15 frequencies for problems run on 
the OUTPUT code. 

This is the SPUTTER cycle limit and is tested so 
that,   assuming one wants a multifrequency print with 
the regular SPUTTER print,  a print is obtained for 
the last cycle.    Blank Common. 

This is the Rosseland K with scattering, adjusted for 
Compton scattering if appropriate. Used in forming 
the optical depth arrays.    Private. 

This is the Planck « with scattering,   used in forming 
the H(2) and H2(3) arrays if SOLID(IO) is zero. 

Private. 

This is the Rosseland « with scattering,  not adjusted 
for Compton scattering.    Private. 

This is the array of Cv,   specific heat,   calculated 
elsewhere in SPUTTER and used in RAD to formulate 
the stability time step.    Blank Common. 

The portion of the area of the Planck function, 
normalized to 1,  occupied by the current frequency 
group at a given temperature.    Private. 

The width of the previous (next higher) frequency 
group,  used in calculating AS^1'.    Private. 

The current SPUTTER time step,   set in the TDELT 
routine.    Blank Common. 

The time step that governs RAD.    This is usually set 
to DTH2 in TDELT, but is set smaller in RAD if 
subcycling is called for,   such that the SPUTTER 
master time step is an integral multiple of DTR. 
Blank Common, 



AFWL-TR-67-131,   Vol III 

DTRMIN 

DTR1 

DTR2 

E 

EC 

EDITMF 

EK 

ELM 

EO 

ER 

Thr actual minimum radiation time step ca^culated 
in RAD.    This is then used to determine whether 
subcycling or supercycling is necessary.    Blank 
Common. 

A "running minimum" time step,   set so that at the 
end of the loop,  the smallest and the next-to-smallest 
time step can be saved.    Private. 

A "running second-smallest" time step,   corresponding 
to DTR1 above.    Private. 

The SPUTTER zone array for internal energy per 
unit mass, used in the time step energy accuracy 
calculation.    Blank Common. 

This is the heating rate due to conduction,   zeroed out 
at the end of RAD to avoid later trouble.    Blank 
Common. 

The multifrequency edit flag,   equivalenced to SI2 in 
Blank Common.    It should be noted that one sometimes 
wishes to get "multifrequency" prints when running 
grey problems.    Some of the intermediate quantities 
printed out are of general interest and value in 
troubleshooting. 

This array is used to accumulate radiation energy 
density over frequency,   serving the same purpose as 
the old variable SUMRHO (see Ref.  2), now deleted. 
RHO'3' is set to EK after exit from the frequency loop. 
Blank Common, 

This is a special array of internal energy in a "lambda 
region" (see Ref.  3).    It is used in RAD to form 
quickly the total internal energy in the radiation 
region for use in the time-step calculation.    See 
WSB,  WSBB.    Blank Common. 

A special storage for the index of the zone which has 
the smallest radiation time step.    Used in PRINT. 
Blank Common. 

The heating rate due to radiation transfer.    While the 
radiation energy density and radiation pressure are 
used elsewhere in the code,  and the flux is edited 
and viewed with interest,   it is safe to say that calcu- 
lating ER is the basic purpose of RAD and its sub- 
routines.    Blank Common. 
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FIOSV 

FI1SV 

FI3SV 

GAMMA 

GL 

GR 

HCB 

HHTAX 

HNUP4 

HNUX 

HNU4 

H3 

Temporary storage for FIG while testing whether to 
iterate.    Unfortunately,   the third character is a 
letter "O, " not a zero.    Private. 

Temporary storage for FI1 while testing whether to 
iterate.    Private. 

Temporary storage for FI3 while testing whether to 
iterate.    Private. 

This SPUTTER array of mass per volume factor is 
used in converting energy per unit mass to energy 
preparatory to calculating the energy accuracy time 
step.    Blank Common. 

This is the intermediate quantity Y defined beneath 
Eq.   (15).    Private. 

This is the right (exterior) boundary flag,   specifying 
blackbody exterior if GL = 1/2,  vacuum otherwise. 
STRANS and PTRANS initialize a blackbody intensity 
for any positive value of GL (see GL^').    There are 
historical reasons for the inconsistency,  but it is not 
justified.    Blank Common. 

Maximum allowed number of radiation supercycles. 
Blank Common. 

See p.   87 of this report.    Blank Common. 

This is 2 K3 y,  used to adjust the absorption coef- 
ficient for Compton scattering.    See Eq.   (33). 
Private. 

The fourth power of the upper limit of photon energy 
for the current frequency group.    Perhaps it is not 
used in the current version of RAD.    Private. 

Set to the minimum of HNUP^3) and 105 to avoid 
execution of Compton scattering at invalid frequencies 
Used in forming A3'*'.    Private. 

The fourth power of the lower limit of photon energy 
for the current frequency group. This, like HNUP4, 
may be expendable.    Private. 

This is 1/2 p /Cj^ Ar, where KR is the local Rosseland 
mean absorption coefficient adjusted for scattering. 
Used only in RAD.    The array H2(3) is set to H3 if 
SOLID(IO)  is nonzero.     Equivalenced to BR in 
Blank Common. 
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IA 

IB 

IBM1 

ICXM1 

IDMX 

IJZILC 

IMN1 

IMN2 

INP1 

IQEM 

IR 

The left-hand (interior) zone limit to the vapor region. 
IMP) is set to it unconditionally in this version of 
RAD.    IN can take on other values,   if the programmer 
wishes to confine the radiation region to only part of 
the vapor (e. g. ,  the part in local thermodynamic 
equilibrium),  but this would require a small program- 
ming change.    Blank Common. 

The right-hand (exterior) zone boundary limit to the 
vapor region.    For generality,  this should be replaced 
by IMPl^4).    Blank Common. 

This is IB-1, the right-hand (exterior) zone limit to 
the vapor region. IM^' set unconditionally to IBM1 
in this version of RAD.    Blank Common. 

(4) 
This is ICX      -If   evaluated as a separate variable 
solely for use as the upper limit of a DO statement. 
Private. 

The dimension limit for the X array,   currently 4000. 
When testing an index against a dimension limit in the 
body of a computer program,   it is good practice to 
have this a variable set at the beginning of the code 
to facilitate later changes in the size of the array. 
Private. 

Purpose unknown.    Private. 

This is the index of the zone with the smallest 
radiation time step.    EO is set to IMN1-     Private. 

This is the index of the zone with the second-smallest 
radiation time step.    Private. 

This is IN+1 defined solely to serve as the lower 
limit of a DO loop.    Private. 

The index of the zone boundary suffering the worst 
change in FIO.    Used in monitoring the scattering 
iteration.    Private. 

The index of the rightmost (exterior) zone for which 
one wishes to calculate radiation.   In reference 2, IR is 
set and used,  but not discussed.    In the fireball con- 
figuration,   it was desired not to do radiation for zones 
colder than,   say,   0. 05 eV.    IR was set to the index of 
the outermost zone warmer than that.    The code is 
now in the rather hazardous situation that IR is set to 
IM if one does scattering or has a blackbody exterior. 
Otherwise,   it is not evaluated at all.    This should be 

repaired.    Private. 
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JDRUM 

JDRUMI 

JK 

K 

KK 

KKK 

KMAX 

K000FX 

Kl 

LMDA(37) 

MAXLM 

NHNU 

NMU 

(3) 
A y-line index while the X       array is being formed. 
Also used as a zone-boundary index while ei larging 
the transport subregions by five mean free paths on 
each side.    Private. 

The logical unit,   either 25 or 26,  of the drum being 
read for moment quantities.    PALMER Common. 

The logical unit,   either 26 or 25,  of the drum on 
which moment quantities are being written.    Private. 

The y-line index advanced while y-lines are being 
formed.    Private. 

A counter,  used as other than zero only if more than 
4000 entries in the X array are required to place a 
y-line every zone.    The code will successively try 
to place a y-line every (K+l)8t zone until K reaches 10. 
at which point the code aborts.    Private. 

A zone-boundary counter advanced as the X array is 
formed for a given y-line.    Private. 

A special index to insert the number of X entries for 
the current y-line into the X array.    Private. 

The multifrequency flag.    Zero,  grey; nonzero, 
multifrequency.    This is a standard SPUTTER input 
quantity.    Blank Common. 

This divide check flag has zeros, contrasting with 
KOOOFX(3). A genuine holdover from the days of 
SIFT.    Private. 

A counter to skip zones so that a y-line is drawn 
every (K+l)8t zone.    See K above.    Private. 

(4) 
Same as LMDA(37)X   ',   but used in RAD for definition 
of external input intensities,  a feature deleted from 
the OUTPUT code.    (See page 81 of this report. ) 
Reference to LMDA(37) should be removed from RAD. 
Blank Common. 

The number of lambda regions.    Used in calculating 
WSB from ELM.    Blank Common. 

The number of frequency groups,   specified in the 
OUTPUT code by LMDA(36).    See p.  86 of this 
report.    LINDLY Common. 

The number of characteristic rays in plane geometry. 
Set to LMDA(37). The FORTRAN statement that does 
this should be removed.    Private. 
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NRAD 

NSMLR 

NY 

QD 

QE 

QEM 

QN 

QQ1 

Ql 

Q3 

Q31 

Q37 

Q38 

RD 

The number of radiation subcycles, set at the end 
of the time-step calculation if appropriate. Abort 
if NRAD > 50.    Blank Common. 

Set to 1 at the beginning of RAD,   it appears never to 
be used or reset.    The statement should be removed. 
Blank Common. 

The number of y-lines if spherical geometry. 
LINDLY Comr. .on. 

A dummy variable,   it is AT (optical depth) in defining 
source gradients for forced diffusion and serves as 
the normalized "OUTPUT-output" flux.    Private. 

The denominator in the relative difference expression 
for FIO,  the iteration test.    Private. 

The relative difference of FIO,  tested against 
CAPAC(150).    See p.  86 of this report.    Private. 

The largest of the QE's .    Used along with IQEM to 
monitor the iteration.    Private. 

The numerator in the relative difference expression 
for FIO,  the iteration test.    Private. 

This is pAr,  the formulation of which is geometry- 
dependent.    Used in forming optical depths.    Private. 

4 4 
A zone array of 9  ,  used to avoid calculating 9   within 
the frequency loop.    Very dispensable if one is tight 
for storage.    Equivalenced to PB in Blank Common. 

Integrated optical depth,  a zone array used only in the 
section expanding transport subregions by five mean 
free paths on each side.    See subsection 3. 2 of 
reference 2 and p.   80 of this report.    Equivalenced 
to GOFR in Blank Common. 

A running integrated optical depth.    Quite dispensable. 
Private. 

Zone array for log 9,  used in linear-in-log inter- 
polation for multifrequency absorption coefficients in 
DIANA.    Equivalenced to CAR in Blank Common. 

Zone array for -log p,  used similarly.    Equivalenced 
to CHIR in Blank Common. 

The SPUTTER array of velocity, used in computing 
the radiation work term portion of the heating rate. 
Blank Common. 
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RDD 

SLUG 

SMLR 

SOLID(IO) 

SOLID(37) 

SUMX2 

SUMX3 

SUMX4 

SV 

TAUX 

TAX 

TD 

TELM(25) 

TELM(26) 

TELM(27) 

TELM(28) 

TELM{29) 

Used to store radiation energy density calculated on 
the previous cycle.    Blank Common. 

The fraction of the internal energy of a zone allowed 
to leak out (or be added; the latter is causing diffi- 
culties) of a zone in the time step calculated in the 
energy accuracy criterion.    An input quantity, 
usually set to 0. 1.    Blank Common. 

Radiation pressure,   summed over frequency,   formed 
in RAD,  used in HYDRO.    Blank Common. 

The Planck-Rosseland switch.    Zero.   Rosseland; 
nonzero.  Planck.    A standard SPUTTER input 
quantity.    Blank Common. 

See p.   86 of this report.    Blank Common. 

The sum over frequency groups of X2      .    X2 is set 
to SUMX2 at the end of RAD.    Equivalenced to CRTR 
in Blank Common. 

Same as SUMX3^.    Zeroed in RAD for no good 
reason. 

(3) 
Same as SUMX4 
reason. 

Zeroed in RAD for no good 

The specific volume.   1/p,  a regular SPUTTER zone 
array.    Used in forming optical depths.    Blank 
Common. 

See the discussion of SOLID(37) on p.  86 of this 
report.    TAUX is added to the absorption coefficient, 
so it is zero if SOLID(37) is negative; otherwise it 
assumes the value of SOLID(37).    Private. 

This is 2»c>/m c?'.    See HHTAX.    Private. 

A variable set in MP2 as a print flag.    Used in RAD 
to make the multifrequency print coincide with the 
regular SPUTTER print.    Blank Common. 

An input quantity to adjust the time step by a constant 
factor.    Blank Common. 

Set to DTR1. Blank Common. 

SettoIMNl. Blank Common. 

Set to DTR2. Blank Common. 

Set to IMN2. Blank Common. 
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TELM(30) 

TEMP(1.2,3) 

The advanced cycle number,  making CNT1 
redundant.    Blank Common. 

(3) 

THETA 

THETAK(103)T4 

TKTAMX 

TS1 

T4 

WSB 

WSBB 

X3 

X4 

ZP1(18) 

ZZ 

Used as intermediate quantities in the time-step 
calculation.    Blank Common. 

The SPUTTER variable indicating time.    Used in 
evaluating BLANK3.    Blank Common. 

The zone array of temperature in eV.    Blank Common. 

See p. 86 of this report.    Blank Common. 

The highest temperature in the problem,   formerly 
used in evaluating IR.    Its sole purpose now is to by- 
pass the radiation calculation for problems colder 
than 0.05 eV throughout.    Private. 

Used in calculating X values to indicate the point of 
closest approach if negative,  or x if positive. 
Private. 

The scattering moment iteration counter.    Compared 
with CAPAC( 152).    See p. 86 of this report.    Private. 

The total internal energy in the problem,  used in the 
energy accuracy time-step criterion to ignore zones 
whose internal energy is less than 0. 001 WSB. 
Private. 

The internal energy of a zone in the energy accuracy 
time-step calculation.    Private. 

An array of flags to define the transport and diffusion 
subregions.    If for a zone X3 is -1,  the zone is in a 
diffusion region.    If X3 = 0. ,  the zone is in a transport 
region.    Other values of X3 are nonsense.    Blank 
Common. 

Used to denote y   for each V   line formed.    Later 
zeroed and used by equivalence in PTRANS and STRANS. 
Blank Common. 

Another place for the SPUTTER time step,  used in 
calculating NRAD and DTR if there is to be radiation 
subcycling.    Blank Common. 

A flag in the scattering moment iteration test.    If any 
zone requires iteration,  the flag is turned on.    Off: 
ZZ = 0.    On:   ZZ = 1.    Private. 
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APPENDIX I 

THE OUTPUT CODE AS A MODIFICATION OF SPUTTER 

INTRODUCTION AND SUMMARY 

The OUTPUT code is a version of SPUTTER (Ref.   3) that is adapted 

to a special class of problems.    Radiation transfer is especially important 

in determining the behavior of such problems, and the OUTPUT code differs 

from SPUTTER primarily in its more sophisticated treatment of radiation 

transfer and in the deletion of space-consuming portions of SPUTTER that 

deal with matter in the solid state.    It should be borne in mind that the 

OUTPUT code is under development and is continually being changed.    Any 

description of it will therefore rabidly lose accuracy of detail,  and major 

changes made in the near futura may go unreported for some time.    However, 

the present configuration is a convenient one to describe thoroughly.    Since 

a large fraction of the content of the OUTPUT code has been described in 

earlier reports (Refs.  2,  3), much of the material presented in this 

appendix pertains to changes made in the older programs.    Three areas of 

the OUTPUT code are discussed:    (1) changes in SPUTTER subroutines, 

other than radiation subroutines,  (2) changes in the radiation routines, 

and (3) progress in treating Compton scattering.    Changes now in progress 

include input quantities whose use differs from their use in standard 

SPUTTER and the abort indicators. 
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CHANGES IN SPUTTER SUBROUTINES OTHER THAN 
RADIATION SUBROUTINES 

Altered Routines 

MP2 

This routine has been changed to eliminate references to CNDCTN 

and the boil codes, which have been deleted.    Another change eliminates 

division by BLANK1 when it is zero.    This change has also been incorporated 

in the standard SPUTTER code. 

HYDRO 

A small section that does "dummy hydro" (sets C and DELTAR to 

their appropriate values, but makes no changes in radii or velocities) has 

been added.    This section is executed if S4 is negative.    The option is very 

useful when one wishes to observe the effects of radiation transfer in a 

static configuration.    Changes to delete references to solid material regions 

and permit the use of more accurate radiation pressures available from 

the OUTPUT radiation routines are now under development. 

EOS 

This routine has been changed to incorporate the actual radiation 

pressure, rather than an equilibrium diffusion approximation.    Reference 

to ZPART, an array of 760 words not used by the OUTPUT code, has been 

deleted. 

ECALC 

Changes to eliminate treatment of solids and improve the precision 

öf the source treatment are under development. 

RTAPE 

This routine, which picks up the desired configuration from the 

SPUTTER dump tape, has been modified to pick up additional data (moment 

quantities and, in the future, intensities) and set up the drum storage for them. 
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WTAPE 

This routine does the write operations corresponding to RTAPE. 

Also,  on initial starts,  where there are no data to pick up.  the drum storage 

is set up and appropriate starting values are written. 

■ 

KAPPA 

A change has been made to catch division by zero before exit.    This 

may become standard. 

KAP6 

This routine, which is valuable in lest problems,  uses the THETAK 

array to define the frequency table and a corresponding set of absorption 

coefficients (independent of temperature and density) without using a DIANE 

tape.    It is not available in the standard^SPUTTER code. 

KAP12 

This routine gives an analytic approximation for the grey absorption 

coefficient of uranium as a function of temperature and density.    It is not 

available in the standard SPUTTER code. 

QUE8 

This source routine deposits energy (evaluates SMLQ) into a predeter- 

mined set of contiguous zones, the energy being distributed uniformly over 

-mass space. "   The rate varies stepwise with time.    The RDK array is 

used as input for the zone limits, the time cuts,  and the energy deposition 

rates. 

QUE9 

This source routine is similar to QUE8. except that it allows for 

several (up to seven) regions or sets of contiguous zones, each of which 

has its own set of time cuts and energy deposition rates.    RDK storage 

limits require that no region have more than six distinct time sections. 
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QUE10 

This source routine is like QUE8 in that it allows only one region. 

But instead of the energy source being distributed uniformly,  it is distributed 

as some power of the space variable, the exponent being determined by 

values of the energy deposition rate specified at the limits of the region. 

DIVCHK 

This is a machine-language routine which maketi a report each time 

a division by zero is made.    It is handy to have if one still wishes to abort 

the run when such a division occurs; in addition,  there is a report precisely 

indicating where the division occurred.    This routine,  which was written 

by the Gulf General Atomic systems group,  is not generally available or 

widely advertised,  because it carries with it the hazard of uncontrolled 

computer behavior should the routine be overlaid by other coding subse- 

quent to a call to it.    The OUTPUT code precludes this possibility. 

The MAP 

All large programs on the UN1VAC-1108 make use of the MAP (Memory 

Allocation Processer) to fit their coding into the available storage with 

appropriate overlays.    The SPUTTER and OUTPUT codes are no exception. 

The OUTPUT MAP differs from the SPUTTER MAP as follows: 

It    DIVCHK is explicitly represented at the independent level with 

no overlay possible.    (SPUTTER does not have DIVCHK at all.) 

2. RADTN is segmented along with MP2, allowing an overlay with 

MP1,  rather than being independent. 

3. NAMEC (a name common block used only in MP1 and its sub- 

routines) is segmented with MP1, so as to allow overlay with 

MP2, etc. 

4. The overlay of the KAP routines has been deleted because,  for 

reasons that are not now clear,  it does not function properly. 

The storage penalty this causes has been minimized. 
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5.    Several USE cards are provided for those routines bearing the 

same name as standard, undeleted SPUTTER routines. 

Deleted Routines 

The standard SPUTTER subroutines CNDCTN, BOIL, and CBOIL 

have been deleted, as have references to them in MP2.    NONEQ and some 

other subroutines may soon also be deleted. 

Dummy Routines 

It has been convenient in several instances to write dummy subroutines 

with the same name as standard SPUTTER subroutines,  since outright 

deletion of the latter would require extensive changes elsewhere in the code. 

The standard subroutines and the reasons why they are undesirable are 

as follows: 

1. DRAD, ERAD, QUE4.    These refer to a 642-word array not 

needed by the OUTPUT code. 

2. QUE16, NONEQ.    These refer to a 760-word array not used by 

the OUTPUT  code.    NONEQ, furthermore, has nearly 300 words 

of private data storage. 

3. CMOL, KAP5.    Both have considerable private data storage. 

CHANGES IN RADIATION ROUTINES 

Two substantial changes in program organization have been made in 

the past few months.    (1) The codes PRAD and SRAD, executed for plane 

and spherical geometry,  respectively, have been replaced by one code. 

RAD.    The two codes were over 90 percent the same, line for line, and 

considerable duplication had taken place in maintaining them.    The necessary 

allowances for geometry were incorporated, and the codes were unified. 

This change has been made both in the standard SPUTTER and the OUTPUT 

codes.    (2) In PTRANS and STRANS, the coding to solve the transport 

equation was repeated many times and in several forms to allow for different 
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configurations.    (See the STRANS program listing in reference 2. )   Consid- 

erable duplication of effort has resulted because scattering led to consider- 

able changes in these codes,   other minor changes are made from time to 

time,  and more sophisticated solutions of the transport equation are being 

coded.    The advantages of solving the transport equation in only one place 

in the code became more apparent.    The new subroutine,   STEP,   solves the 

transport equation in general form for one increment along a characteristic 

line.    Calls to STEP have been incorporated in STRANS and PTRANS.    The 

data block COMMON/JIM/,   originally provided for linkage between the 

transport routines and SCAT,   has been expanded by six words to accommodate 

STEP.    The call hierarchy of the radiation routines was formerly as follows: 

PRAD 

PTRANS 

SRAD 

STRANS 

SCAT 

The new hierarchy, which results in considerable reduction of program 

storage and much more understandable codes, is as follows: 
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I 
PTRANS 

RAD 

STEP 

SCAT 

1 
STRANS 

ZZT" 

STEP has been added only in the OUTPUT code. 

Another change made in both the standard SPUTTER and the OUTPUT 

versions of RAD is the elimination of several input parameters.    The deleted 

parameters are described briefly in table II and in detail in reference 2. 

Some of the parameters listed in reference 2 were assigned different 

SPUTTER variable names after the reference was issued.    The more recent 

names are also given in table II.    In some cases,  the option involving the 

parameter has been removed altogether,  and for these no "built-in" value 

is given.    Instances where built-in values differ from the suggestions in 

reference 2 reflect experience in running problems. 

Two rather substantial deletions have been made in the OUTPUT 

version of RAD.    (1) ICX and ICY have been eliminated as special indices 

indicating sourceless subregions of the radiation region.    This eliminates 

quite a bit of complicated branching,  and the time saved by doing 

simpler calculations in sourceless regions, although substantial in some 

configurations run on standard SPUTTER, would be insignificant in most 

applications of the OUTPUT code.    (2) The multifrequency merge procedure 
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TABLE II 

DELETED VARIABLES 

Name Used 
in reference 2 

Recent 
name(s) 

Value 
suggested in 
reference 2 

Built-in 
value Purpose 

CB* DELPRT 0   Brightness print (option 
deleted) 

GA GA 0.33 0.333 Source,  optical depth 
gradient criterion (TG) 

GL GA.GR, 

(0.333) 

0.3 _ * — Source,  MFP gradient 
criterion (y.lines, 
option deleted) 

CMIN AC 0.3 ..(CD) Minimum depth for TG 
criterion (option deleted) 

AC03T4 TA 0.1 0.01 Half-optical depth for 
thick-thin transition 

S15 SI 5 1   Restart on grey calcu- 
lation, not needed with 
current DIANA 

TELM(37) TELM(37) 0.005 0.001 Fraction of total energy 
in zone for time-step 
criteria 

CVB CVB 0 0.5 Select y-lines 

HVB HVB 5 5 Buffer of transport 
region in number of meai 
free paths 

HCB HCB 0.1 0.1 Diffusion criterion 

Not mentioned BOILB = 
NTIMES 

m — 50 Subcycle limit 

CB is currently used 
criterion, replacing the con 
has no frequency merging. 

in standard SPUTTER as a multifrequency merge 
stant 10. 0 in reference 2.    The OUTPUT code 
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has been taken out.    Although it may save time in some applications, no 

provision for merging has been made in the scattering coding.    The variable 

CB, of course, is now not used in the OUTPUT code.    Another, less signi- 

ficant feature deleted in the OUTPUT code is the provision for external 

nonthermal radiation intensities as an energy source in plane geometry. 

A major addition to RAD is the calculation of the moment quantities, 

used as scattering source terms in the SCAT routine,  first reported in 

reference 7.    An iteration procedure to obtain better values of the moment 

quantities at cycle (n + 1) (the scattering equation is implicit in this respect), 

described in section 1 has been incorporated.   The FQO, FQ1, FQ2, and FQ3 

arrays should not be updated inside the iteration loop,   since they are the 

moment quantities for the previous frequency.    This error would cause 

trouble only in Compton scattering.    The updating has been moved outside 

the iteration loop,  and the scheme now works well for both Thomson and 

Compton scattering.    The choice of three words at the end of the CAPAC 

array as input parameters to control the iteration has been retained. 

These are described in "Input Quantities"  of this appendix.    However,  the 

size of the array is the standard SPUTTER value of 152. 
r~2    2 

The X array, the set of all values x.. = \/r.   - y. , is calculated early 

in RAD to avoid taking many square roots within the frequency loop.    In ref- 

erence 2,  this array was given 2400 words of essentially private data storage. 

(This would allow 66 zones if a y-line were drawn at each boundary.)   In 

the standard SPUTTER version of RAD, the X array is stored in 1064 words 

of SPUTTER Blank Common, allowing for 41 zones with y-line every zone. 

Since OUTPUT calculations will have many zones as a result of complex 

configurations, and since accuracy in the scattering calculation requires 

a y-line at every boundary, the private storage has been reinstated in the 

OUTPUT code; this storage is 4000 words, allowing for 86 zones.    The 
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scratch area in SPUTTER BlankCommon made available by this change has 

been taken up by intermediate moment quantities and scattering parameters. 

Three variables used in the Compton scattering calculation are depen- 

dent only on frequency and not on position: 

l/2(hv    + hv+) 
1.        GMP = 1 - 2y , where y 

hv2 

2.       Al = ■■ + 3y 
m c  (hv,   - hv  ) 

e + - 

h  2 
hv 

3.        A3 = - 

2 
m c 

e 

2 
m c  (hv, ,  - hv.) 

e TT + 

Although evaluated in SCAT,  they should be calculated only once per fre- 

quency in ord^r to save time.    This is done in RAD. 

PROGRESS IN TREATING COMPTON SCATTERING 

Satisfactory results have been obtained for a test problem with spherical 

geometry analogous to the test problem with plane geometry described in 

appendix IV.    However,   some interesting difficulties arose,  which have not 

yet been resolved.    At high frequency,  for sufficiently large negative dl/dv, 

where  I may be intensity or some moment quantity (these usually vary 

similarly with v), the code will calculate a negative scattering intensity. 

At present, the code sets the negative intensity to zero and goes on.    (There 

are input parameters to trigger a debug print or abort, or both.)   The large 

negative dl/dv, with the concomitant negative intensities, has appeared in 

two different situations. 

First, in the calculation of the highest-frequency group, the starting 

value for I (v.) is zero.    This results in the appearance of negative intensities, 
x   J 

but at least some sort of radiation field description is achieved.    Two schemes 
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have been proposed for improving the formulation of I (v.).   The better one 
"    J 

will soon be chosen and incorporated in the code.    However, this case of the 

first frequency is a rather artificial way of arriving at large negative dl/dv. 

The other situation arose when an attempt wac made to refine the 

frequency interval.    The result was,  for one frequency group,  a bistable 

oscillation in the iteration procedure for obtaining updated moment quantities. 

It is believed that it arose in the following manner.     First,  given zero 

starting values for the monnent quantities, the code had a positive dl/dv and 

calculated scattering intensities,  generating moment quantities appropriate 

for that frequency.    Then the code noted that an iteration was necessary and 

set the "old" moment quantities to the "new" ones.    (See "Input Quantities" 

in this appendix.    CAPAC(151) was 0. )   It proceeded to do Compton sc*!» 

tering,  found large negative dl/dv,   calculated negative intensities,   set 

them to zero,  generated zero moment quantities as a result,  iterated again, 

and at the third pass was right wh-»re it started.    While this may not be an 

exact description of what happened,  it is probably close enough to indicate 

the trouble unambiguously.    The "extrapolation switch" described in 

section II of this volume {CAPAC(151) in the code) could easily be used as 

an interpolation switch by assigning to it a value between 0 and -1.    Inter- 

polation is suggested by the fact that the first "crack" at a solution,   result- 

ing in large negative dl/dv,   may have been an overshoot.    Thit idea was 

tried out with CAPAC(151) = -0. 5 and proved successful.    There was no 

convergence difficulty in areas of negative dl/dv.    However,  at lower fre- 

quencies the convergence,  while monotonic,  was discouragingly slow.   This 

suggests a possible frequency-dependent extrapolation switch. 

In summary, Compton scattering in the OUTPUT code is at present 

a laboratcs Y curiosity.    It appears to work well,  if not reliably, in an 

interesting t^st problem.    (It takes about three times as  long to calculate 

as Thomson scattering.)   However,  this tentative state should change 

shortly as experience is acquired in using Compton scattering in production 
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problems.    It should be emphasized that Thomson scattering has been used 

for over six months to calculate complex problems,  and a number of 

shortcomings, which appear only in unforeseeable configurations,  have 

been found and  overcome. 

CHANGES IN PROGRESS 

Several areas of current code development relevant to the OUTPUT 

code are not discussed in detail in this report.    These include improvements 

in the nonequilibrium radiation diffusion code DRAD, incorporation of 

Compton scattering in DRAD,  changes in the energy bookkeeping (routines 

ECHK and PRINT), and modifications to provide tree drum input-output. 

Three other changes in the program are as follows: 

1.    Improved source interpolation in spherical geometry.    The current 

code follows the original STRANS (Ref.  2) logic of step-or-linear 

interpolation of the source, with a linear-quadratic fit across the 

"top slice."   This is being replaced with a linear-in-r    interpola- 

tion scheme developed by J.  R.   Triple« (Ref.   3).    The option 

of a piecewise constant source,  as described in reference 2,  is 

retained.    Each "step" along a y-line is divided   into two intervals 
2 

equal in r    to conform with the new interpolation scheme.    Although 

this change has been essentially completely checked out.  it is not 

included in this report. 

Z.    The Sampson approximation of the average absorption coefficient, 

where « = (b + <c,)/(b + « ) •   »c   and b varies as the integrated R p p 
optical depth,  appears to be a desirable first step toward a more 

sophisticated transmission function treatment than the one now 

being used. 

3.    Saving intensities.    Future code development in several areas, 

e.g.,  retardation, more accurate calculation of moment quantities, 

and improved Compton scattering recipes, will require the storage 
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of the entire set of intensities calculated at cell-ray intersections. 

This change also was comp1eted too late for inclusion in the 

present report. 

t ß (x.. =\lr. For each frequency, given that the "x" storage (x..=vr. - y. ) for 

all values on one side of the plane of symmetry is 4000 words,  the intensity 

store will require 8000 words of random access storage, plus 8000 times 

an upper limit to the number of frequencies for drum storage.    This require- 

ment can be met, but not economically on the UNIVAC-1108.    (The UNIVAC- 

1108 has the odd feature of a 3/8-^sec fetch from opposite bank versus a 

3/4-(xsec fetch from same bank,   so that it pays to put coding and data in 

opposite halves of the "almost-random access" fast storage.)   The speed 

penalty can probably be minimized so as to be negligible on long, expensive 

problems by an adroit choice of what data are to be kept in the wrong half 

of the store.    Other problems are definition of the appropriate set of inten- 

sities for a cell boundary treated by diffusion and definition of intensities 

for y-linee where a specific calculation is not made.    At present, the OUTPUT 

code sets up a y-line at every zone boundary and calculates intensities along 

all of these.    However, one might wish to run a problem with more than 

86 zones, the maximum possible for less than 8000 intensities, or one 

might wish to skip y-lines to save time. 

FORTRAN LISTINGS 

Appendix III contains FORTRAN listings for the principal subroutires 

of the OUTPUT code:    RAD,  PTRANS, STRANS, STEP, SCAT, QUE8, 

QUE9, QUE10, HYDRO,   RTAPE, WTAPE, and the MAP.    For brevity, 

SPUTTER blank common, which is used in all the subroutines, is listed 

only in RAD.    The equivalence table used in RAD,  PTRANS, STRANS, 

and STEP is also listed only in RAD. 
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INPUT QUANTITIES 

The input quantities listed below are (1) parameters used in the 

Compton and Thomson scattering treatment,  (2) special parameters for the 

"OUTPUT-output, " a special edit,  and (3) various quantities used by the 

nonstandard source and opacity routines. 

THETAK(103) 

SOLID(36) 

SOLID(37) 

LMDA(36) 

CAPAC(150) 

CAPAC(151) 

CAPAC(152) 

EPSI 

LMDA(26) 

Required input.    Sets value of HNUP.    Compton 
scattering does not allow large values of HNUP. 
There is no safety coding,  such as "if zero,  set to 
10   ."   It must be entered. 

Compton switch.    If zero,  Compton scattering is 
calculated; if nonzero,  Thomson scattering. 

Scattering coefficient.    If negative,  it is not added 
to the absorption coefficient from the DIANE tape, 
but the absolute value is used as the scattering 
coefficient.    If positive, /c(DIANE) is assumed to be 
ft    only,  and K    = SOLID(37) is added. 

cL S 

SOLID(37) = 0 would provide a very inefficient "no 
scattering" calculation. 

Required input for NHNU.    The subroutines WTAPE 
and RTAPE, which set up the drum storage for the 
scattering source terms and process these on a non- 
standard SPUTTER dump tape, must know the value 
of NHNU before the DIANE tape is read.    Using the 
dimension limit of 20 would avoid this, but would lead 
to inefficiencies.    (MUST BE LOADED IN FIRST SET 
OF CARDS.) 

Scattering iteration convergence coefficient, usually 
0.05. 

Scattering iteration extrapolation parameter, usually 
0.5. 

Scattering iteration recycle limit.    Zero, no iteration. 
Maximum allowed value is 8.    Usual value is 4. 

Radius of OUTPUT sample tube. 

Index of zone boundary at which OUTPUT sample 
tube is affixed. 
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CVB 

HVB 

HCB 

RDK 

THETAK 

If CVB is zero, negative scattering intensities are 
set to zero and the problem continues.    If CVB is 
nonzero  and a negative scattering intensity arises, 
the code calls UNCLE. 

If HVB is zero,  negative scattering intensities go 
unreported.    If HVB is nonzero  and   a negative 
scattering intensity arises, a brief data report is 
given, and a y-line print is triggered. 

The normal SPUTTER RAD meaning applies here. 
Negative forces diffusion;  positive forces transport; 
zero lets the code decide. 

This array is used in standard SPUTTER to provide 
input for the various source routines, and the 
OUTPUT   code does the same. 

QUE8:   Energy is supplied uniformly in mass space 
within a defined region (i.e. , all zones within the 
region receive a constant ergs/sec/gm) at a rate that 
varies stepwise with time.    RDK(l) is the index of 
the first zone in the region; RDK(2) is the index of 
the last zone in the region.    Up to 50 time cuts can 
be specified in RDK(3) - RDK(52).    The 49 rates for 
the corresponding periods (in ergs/sec for the whole 
region) are given in RDK(54) - RDK(102).    Energy 
source rate for t > RDK(52) is zero. 

QUE9:    This routine is similar to QUE8, except that 
the fine time definition is sacrificed for some spatial 
definition.    Up to six different contiguous regions can 
be defined (seven bounding zone inoices provided). 
Each has a separate set of up to six source rates and 
time cu+s.    Detailed input specification appears in the 
FORTRAN listing. 

QUE10:   Energy is supplied as g'    in mass space, 
where g is a mass space coordinate and x is an 
exponent determined by the average energy rate and 
by the rate specified at the right boundary.    The two 
rates are specified for each given period.    Ten periods 
are allowed.    Time cuts are given by RDK(3) - RDK(13), 
the average rates by RDK(54) - RDK(63), and the 
boundary rates by RDK(44) - RDK(53). 

This array is used as input to KAP6/JP.    If one 
wishes to run a multifrequency problem without using 
a DIANE tape, one must specify the number of fre- 
quency groups and the boundaries, in eV, of the desired 
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frequency groups.    KAP6 specifies these and also a 
constant absorption coefficient,  independent of density 
and temperature,  for each frequency group.    Up to 
20 frequency groups are allowed.    THETAK(6l) - 
THETAK(80) gives the lower boundary frequencies. 
THETAK(81) - THETAK(IOO) gives the absorption 
coefficients.    THETAK(lOl) gives the number of 
frequency groups;  THETAK(102) gives the grey 
absorption coefficient; and THETAK(103) gives the 
upper boundary frequency of the top group,  as indi- 
cated on p.  86 of this report. 

SI FLAGS IN THE RADIATION ROUTINES 

The SPUTTER code follows the practice of setting the variable SI to 

some value and calling UNCLE in case of serious trouble.    The integer 

portion of the SI flag indicates the subroutine, and the four digits after the 

decimal point indicate the FORTRAN statement number.    The SI flags for 

the radiation routines in the OUTPUT code are listed and commented on below. 

RAD 

SI Flag Immediate Cause 

13.0102    Zero or negative CAPAC 
or CAPAR (grey) 

13.0112    Small At causes more 
than 50 radiation 
subcycles 

13.0150     Divide check 

13.0119    K >  .'0 

Probable Remote Causes and Comments 

An opacity of interest has not been eval- 
uated.    This usually happens with 
untested KAP routines. 

Can be caused on first cycle by improp- 
erly set TELM{25) or SLUG, or any 
time by actual pathologies in CV, THETA, 
SV,  or opacity,  or simply by failure to 
start the problem with a small enough 
time step. 

Division by zero.    See the preceding 
DIVCHK diagnostic prii t for locations 
of divide instruction and divisor. 

At least 10 attempts have been made to 
space y-lines so that x-storage is not 
overtaxed,  and these have failed.    A 
code change is necessary, or the prob- 
lem must be rerun with fewer zones. 
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SI Flag Immediate Cause 

13.0452     Divide check 

13.0460     Negative INM1 

13.0530     Zero or negative CAP AC 
or CAPAR 
(multifrequency) 

13.0652     Zero or negative optical 
depth 

13.0654     GL > 0.9, HCB < 0 

13.0692 Divide check 

13.0720 Positive X3 

13.0962 IALPHA = 2 

13.0982 IR < IM 

13.1070 Divide check 

Probable Remote Causes and Comments 

Same as 13.0150. 

Absurd.    Indicates a radiation zone with 
zero or negative index. 

See 13.0102 

Something has gone wrong with the 
definition of H3 in the preceding lines 
of code. 

An attempt is being made to force diffu- 
sion and provide external source inten- 
sities, two incompatible problem 
specifications. 

Same as 13.0150. 

Absurd.    Code sets X3 either zero or 
negative as a diffusion flag. 

A transport calculation in cylindrical 
geometry is being attempted. 

Absurd in present code.    IR set to IM 
earlier. 

Same as 13.0150. 

PTRANS 

14.0100 Divide check 

14.0120 IALPHA > 1 

14.0160 INM1 negative 

14.0350 GL > 0, GL M.5 

14.0360 IBX > IM 

Same as 13.0150 

Somehow PTRANS called for nonplane 
geometry. Absurd. 

See 13.0460. 

The external source intensity option 
has been deleted.    GL therefore has a 
meaningless value. 

Absurd.   A portion of the transport 
region seems to be outside the radia- 
tion region. 
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ini'wri 

STRANS 

SI Flag Immediate Cause 

14.0001 Divide check 

14.0005 IALPHA jt 3 

14.0011 IBX > IM 

14.0087 y-line index 
out of range 

14.0152 Divide check 

14.0171 IBX > IM 

14.0207 X(K) = 0.0 

Probable Remote Causes and Comments 

Same as 13. 0150. 

Somehow STRANS called for nonspherical 
geometry.    Absurd. 

See PTRANS 14.0360. 

The most likely cause for this stop is 
scrambled radii. 

Same as 13.0150. 

See PTRANS 14.0360. 

This is an absurd stop.    Any occurrence 
of it in Jie OUTPUT code would have to 
be carefully examined for the cause. 

STEP 

No SI interrupts appear in the program. 

SCAT 

75.001       Divide check 

75.008 FS < 0,  CVB ^ 0 

75.0009 Divide check in SCAT 

Same as 13.0150. 

Negative scattering intensity with abort 
flag set.    If HVB also ^ 0, a diagnostic 
print is given. 

Same as 13.0150. 

KAPPA 

15.0500    Bad QLM (J + 17) 

15.0810    Divide check 

Improper optical property specification 
resulting in an attempt to call a non- 
existent KAP routine. 

Same as 13.0150. 
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KAP6 

SI Flag Immediate Cause Probable Remote Causes and Comments 

No SI interrupts appear in this program. 

KAP12 

No SI interrupts appear in this program. 
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APPENDIX II 

DESCRIPTION OF INPUT FOR A SAMPLE PROBIEM 

The debug test problem described in this  appendix was run on the 

UNIVAC-1108 about September 15,   1967,   and on the CDC, 6600 at the Air 

Force Weapons Laboratory,   Kirtland AFB,   New Mexico,   on September 22. 

The two runs matched within expected roundoff differences.    The calculation 

was a multifrequency transport calculation with Compton scattering,   using 

dummy hydrodynamics and the KAP6 opacity routine. 

The problem consisted of a sphere with a radius of 10 cm,  which 

contained 10 zones, with a temperature of 8 keV,  and was surrounded by 

a shell with a thickness of 10 cm,  which contained 20 zones,  at a tem- 

perature of 600 eV.    The density was taken as one in all zones,   and the 
2 

Rosseland opacity as 0. 2 cm /g in all groups. 

The input deck consists of SPUTTER Common input cards only, except 

for an initial header card which contains arbitrary identifying information in 

Columns 1-72.    These Common input cards have the following format: 

Col.  1:   1 denotes the last card of the deck and must appear on 

that card.    2 specifies that the data on the card will 

be converted to fixed point and appear as   INTEGER 

variables in Common. 

Blank (or 1) specifies that the data on the card will 

appear as REAL variables (floating-decimal form) 

in Common. 

Cols.   2-6:   Location relative to start of Blank Common in which the 

first data word on the card is to be stored. 

Col.   7:   Number of data fields on the card (maximum 7). 
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Cols.   8-70:   Up to seven data fields,   of nine columns each,   contain 

numerical data to be read under the format OP7E9. 4. 

Blank fields generate zeros (unless they are excluded 

by the field number in Col.   7). 

Cols.   71-80:   Card identification information. 

The test problem input deck is shown in table III.   Each card, identified 

by its initial location number,   is discussed below.   Data fields containing 0. 

can,   of course,   be omitted,   but are included in several cases for expository 

reasons. 

68: FREQ gives the number of cycles between prints.   CNTMAX, 
in 69,   gives the cycle number at which the problem is to be 
terminated. 

1: Zone-boundary indices for the "lambda" regions (which are 
usually regions of different materials).    For one lambda 
region of 30 zones,  the two limits,   1 and 31,   are given. 

19: LMDA(19) is a flag which,   if >0,  will trigger a complete 
print of Blank Common as if there were an error exit, even 
if the problem terminates normally.    Since the extra infor- 
mation is often useful,   setting LMDA(19) to 1 has become 
standard practice. 

36: L.MDA(36) is a special quantity specifying the number of 
frequencies.    This is discussed further on p. 86   of this 
report.    In the present case,   there were 20 frequencies. 

40: Several numbers are given on this card:   the SPUTTER 
variables IA,  IB,   ICA,  ICB,   and KMAX,   respectively.    The 
nonzero value of KMAX dictates multifrequency.    The other 
numbers,   index limits,   are required by the special XCARDS 
as a substitute for normal SPUTTER problem generation. 

53; IG is another quantity needed by XCARDS.    This is the 
extreme upper-limit index to the problem.    When one 
remembers that SPUTTER has indices for upper limit to 
vapor,  upper limit to solid,  upper limit to radiation regions, 
upper limit to non-LTE region,   etc. ,  the significance of 
the term "extreme upper limit" becomes clear; and IG 
does serve a purpose. 

65: TMAX is the problem time at which the problem is terniinated. 
An absurdly large value is set here,   since one wishes to 
limit the run by cycle count instead. 
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77: CVB,   described on p.   87 of this volume,   is set zero in this 
case because one knows that negative scattering intensities 
will arise in thr first frequency group,   and one wishes to 
ignore them. 

78: This quantity.   SLUG,   is described on p.   71 of this report. 
Its normal value,   0. 1,   appears here. 

79: ALPHA (see p. 17  of this report).    Set 3.  for spherical 
geometry. 

81: HVB (see p.  87 of this report).    Set zero to bypass debug 
print. 

83: HCB (iee p.  87 of this report).    Set zero to let code decide. 

90: GL (see pp.   58 and 67 of this report).    Set zero to provide 
exterior vacuum. 

93: RHOR.    Special flag for air equation of state.    Set big by 
habit.    Not needed for this problem. 

100: RPIA.    If zero,   radiation tern n are added in the equation- 
of-ttate calculation.    Normally set zero. 

107:. TC is the time before which DTMAX1 applies,  and after 
which OTMAX2 appli««. 

10,9: TE is the time before which DTMAX2 applies,  and after 
wh)jn DTMAX 3 applies. 

115: The time step is usually controlled by physical consid- 
erations (e. g. ,   hydro or radiation time-step controls). 
However,   if the user feels that these might be too generous 
in some cases,   he may specify an upper limit to the time 
step,   one for each of three specified time intervals,   namely, 
DTMAX1,  DTMAX2.   DTMAX3.    Some number must be 
specified for these.    In this problem,   it was desired that 
a quasi-steady-state radiation field be established in a time 
short compared with cooling times.   Since retardation is 
not included here,   an arbitrarily small time step is indicated, 
and one was chosen. 

127: TRDBG,  otherwise known as AC03T4,   described on p.   54 
of this report.    Set zero to avoid debug print. 

137: S2 is the raliatlon flag,  tested in MP2 and in the switching 
routine RADTN.    A value of Z means that RAD is to be 
called.    Zero bypasses radiation altogether. 

138: S3.    Set nonzero to bypass conduction.    Since the appropriate 
subroutine has been deleted from the OUTPUT code,  this 
input quantity is unnecessary. 
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139: 

140: 

147: 

151: 

160-188 

2021-2049 

2325-2353 

7338 

8405: 

8681: 

9405: 

9332-9346 

9352-9366 

9372 

8466: 

8858: 

54. Its original meaning,   "don't call BOIL, " has,  with 
the deletion of BOIL,   been changed to allow for "dummy 
hydro" or no motion if set negative.    This was desired 
for this test problem. 

55. Used to indicate the logical unit of the SPUTTER dump 
tape.    The value 10 is a typical one. 

EDITMF,   otherwise known as SI2.    Described on p.   66 of 
this report.    Set to 1 to deliver the multifrequency edit. 

S16.    This is a flag that tells MP1 (the generator-setup- 
rezone section of SPUTTER) whether the problem is an 
"initial" or cold start or a "restart. "   Zero,   the former; 
one,   the latter.    This problem is an "initial" start,  where 
all parameters must be supplied by the user and a zero- 
cycle dump prepared.    Hence the value zero. 

R (radii) for the 31 zone boundaries. 

SV (inverse densities) for the 30 zones. 

THETA (temperatures in eV) for the 30 zones. 

These are the three parameters controlling iteration on the 
moment quantities.    They are described on p.   86 of this 
volume and are also discussed on p.   83.    It is stated on 
p.   83 that CAPAC(151) = 0.  did not work,  whereas 
CAPAC(151) = -0. 5 worked well.    CAPAC(151) = -0. 2, 
which was used in this problem,   proved even better. 

OKLM(l). This equation-of-state flag results in a call to 
EIONM5 for hydro^n.   A suitable dummy material. 

The value 206.   r   i lit« in a call to KAP6,   a special OUTPUT 
opacity subroutine described in Appendix A. 

MAXLM is the number of "lambda"   regions in this 
configuration. 

THETAK(6l-80) is used by KAP6 to define the frequency groups. 

THETAK(81-100) is used by KAP6 to define the opacities. 

THETAK(101-103) is used for KAP6 to define NHNU,  the grey 
opacity,  and the top frequency limit. 

TELM(25) (defined on p. 71 of this report). Set to 0. 5 as 
a holdover from another problem. Not needed as long as 
the time step is held down by DTMAX1, 2, 3. 

SOLID(IO) (defined on p.   71 of this report).    Set nonzero 
for Rosseland opacities.    Superfluous when KAP6 is used, 
as in this case. 
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8884: SOLID(36) (defined on p.   86 of this report).    Set zero for 
Compton scattering. 

8885: SOLID(37) (defined on p.   86 of this report).    The peculiar 
value of -0. 1999 is given so that 1c > /c    in all cases. s 

8882: SOLID(34),   the starting cycle number.    The 1 in Col.   1 
indicates that input is complete.    Contrary to normal 
SPUTTER generation,  this style of problem specification 
has only one set of input cards. 

A second test calculation has been carried out to test the sensitivity 

of the results to the parameter S4.    The problem was as follows: 

Region 1 0 < r < 15 cm 

p = 1. 

G = 8-. 433 r keV 

Ar = 1. cm 

Region 2 15 < r < 150 cm 

p = 31/r 

6 = 600 eV 

g = 10 (i. e. ,  total mass of each zone is 4/3 ir x 10 g) 

The Rosseland optical depth of Region 2 was 0. 7.    Three values of S4 were 

tried: 0. 33,  0. 5,  and 1.    The first of these effectively forces use of motion 

equation differencing based on Eq.   (64) even in the diffusion limit.    The 

singularity at r = 0,   represented by the last term in Eq.   (64),   causes the 

velocity to diverge near the center,  as shown in figure 7 for time 

2. 36 x 10' ' sec.    The use of an S4 value higher than 1/3 allows the use 

of Eq.  (63) in the central region,  and more reasonable results are obtained. 

No significant difference between the results for S4 = 0. 5 and 1. 0 at low 

radii or   between any of the results for r > 4 cm  was   noted.    A calculation 

with a very small core radius would presumably indicate that the value 

0. 5 is superior,  but additional work is required before this point can be 

established. 
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Figure 7.    Dependence of Radial Velocity on Parameter S4 
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APPENDIX III 

LISTING OF OUTPUT CODE ROUTINES 

ytT FOK OULo/OUT» QUtrt/oUT. GUcd/OUTl 
SUBROUTINE (iUto 

C     SPECIAL SOUKCE FOK J. PALMEK 
C    ROK(l)s LEFT ZONE bOUNUARY 
C     HÜK(2)= KI6HT ZONE UÜU'iUAKY 
C    RüK«3-S2)= riMtb FOK GIVEN LOOT 
C    KUK(53-Xü't)= EJyTi FOK tilVEN TIMES .  M 

€*••••••♦••♦♦♦*♦♦*♦♦•♦♦*♦♦♦*♦•♦♦♦♦*♦♦♦♦*♦♦***♦♦♦***♦*♦♦♦♦♦••♦♦♦♦♦♦♦*****KA,'200''0 

c •KAP200B0 
c« S F U T ( E K   COMMON ♦♦KAP20090 
c «•KAP20100 
c: ••KAP20110 

COMMON LMUA(J7). m       » NSMt.R i IA • IB    » ICA   » ICB   .KAP20120 
1 «MAX • BLAtiKl. ULANK2» üL'.NK3i I API ,   IBP1  » ICAP1 , ICBP1 .KAP20130 
2 II . IG » NKAU  » ULANK<.i IAM1 » IBM1  » KAMI , ICBM1 ,KAP20mo 

I IPX ,   IGMl  i IALPHA» bLANK5< TH f TMAX  • BLANK6» OELPRT»KAP20150 
FREO . CNTMAXi AR    » ASMLR i PUSHA » PUSHB t   BOILA , BOILB ,KAP20160 
CVA • CVB » SLUG  » ALPHA i HVA » HVB   » HCA   • HCB   »KAP20170 
EMINA . EMINU i CA    » CB    i 6A • GB    » GL    » 6R   »KAP201S0 
RHOL . RHOK  > EPIO  » EPS I  . RIA » RIB   » ROIA  » ROIB  »KAP20190 
RPIA • KPIB  > KPUIA » KPDIB TPRINT» TA    »TO    » TC    KAP20200 

COMMON TO • TE    » 0TH2 ÜTH2P » 0TH1  » OTRMIN» OTMAX •KAP20210 

t DTMAX1. üTMAXZi 0TMAX3» UTR SWITCH» CO    » CMIN  » OELTA »KAP20220 
2 6AMA ,  tfCRir i SIGMAR» AC AC03T<»» CNVRT » SUMRA » SUMRB »KAP20230 
J ROIA • ROIAMli KOIB  » KOIBP1 CMS »SI   » S2   » S3   .KAP202i»0 
4 SU • S6 i Sb    » S7 S8 > S9   » S10   » Sll   »KAP20250 
•> S12 » S13 514   • SIS • S16 • S17  » SIB  » S19   .KAP20260 
6 S2U » EO FO   » TAU ZERO » R   (152) • DELTAR(152)»KAP20270 
7 ASO (lb2)> KÜ (152) » VD (152) • ROO   (152)i SMLR (152)»KAP20280 
H UELH ( 37)» P (152) » PI (152) PB    (152)» PB1 (152) KAP20290 
COMMON P2 (152) » SV (152) . RHO   (152)» THETA (1S2)»KAP20300 

I M (lb2)t E (152) » El (152) , EK    (152)» A (1S2).KAP20310 
2 V (152)» 6 (152) » D (152) • C    (152)« X2 (1S2).KAP20320 

X3 (152»» XH (152) » X5 (152) • X6    (152)» X7 (152)»KAP20330 

SMLA (152)» SMI .i  (152) » SMLC (152) . SMLO  ':32)» SMLE (152)»KAP203H0 
EC (152)» ER (152) » SMLO (152) > SMLH  (152)» B1GA (152)»KAP20350 
BIGO (152)» CV (152) » BC (152) • OR   (152)» CHIC (152)»KAP20360 
CH1R (152)» CAh 'AC (152) » CAPAK (152) > CRTC  (152)» CRTR (152)»KAP20370 

CRTPC (152)» GOf- K  (152) » FEW (152) • CAR  (152)» OKLM ( 37) KAP20380 
COMMON TEL .M  ( 37) » EKLM ( 37) . ELM   ( 37). FCLM ( 37)»KAP20390 

1 FRLM ( 37)» «IL» (   ( 37) • QLM ( 37) • AMASNO( 37)• CHRNO ( 37),KAP20H00 
2 ZP1 ( 37)» ZPt :   ( 37) » SOLID ( 37) . ECHCK (37). RK (10<»)»KAP20mo 
3 RL ( 37)» KHC IK  (10<») » RDK (10«») * THETAM101*). TEMP (' 16)»KAP20'»20 
H HEAD ( 12)» MA) IL » MAXLM KAP20H30 

c 
r 

KAP20«M*0 
••KAP20450 

r          ■  * ^ *■• ■ ■- t s. «««••««4 •««•««i i«««««««««««**KAP20<t60 
DATA FIRST/0./ ,. 
IF(FIRST) <»0.10f«»C 1 

10 IF (RUMD* R0K(21 •öT. Go 1) 60 T( ) 20 
Sis7<».00i0 
CALL UNCLE 

20 ILSRUKU) 
IKSR0K(2I . 
SUM6SÜ. 
00 30 I' :IL»IR 
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30  SUMGsüUMG+GU) 
HO  DO  50   I=l>lt>2 
bO  SMI>O(I)=0. 

T2=  TH  ♦  0TH2 
IF(T2   .LT.   ROK(i))   00  TO   10U0 
UO 60  JzttbZ 
IF(RÜK«J»   .ÜT.   T2)   60  TO  70 
IMRDKU)   .tU.   U.)   faü   TO   1ÜÜ0 

60  CONTINUt 
70 J= J-l 

SOLlü(b)=RL»rtlJ*5Ü) 
rel

Rp?i!=lKUKU.-?H.^;uS.,+RDK.^e,0,MT2.ROK.J,. 

SOLlüte»= TfcM-'lD/UTHi 
nn CNURT- CNtfRT ♦ SOLID 18) »i)TH2 

•    TKI) = SOLIÜ(Ö) • .«ttm»l / SÜMG 
(JO 90 I-IL'IH 

90 SMLQU) = TEMPtl) * o<I) 
.000 FIRST= 1. 

RETURN 
EMU 

101 

ii 



AFWL-TR-67-131,   Vol III 

«I  FOR  dUE9/JPil*   v)Ut9/JfQ»   QUL4/J|'1 
SUBROUTINE     QUEV 

c 
b P U T T t K   C 0 M M 0 N 

• 
** c« «* c« ** 

COMMON LMÜA(J7), NK    i NSMLR » IA » IB » ICA KB   » 
KMAX t   BLANKIf BLANK2, L)LANK3 • 1AP1 . IBP1  » ICAP1 » ICBP1 » 
II . 16 > NKAÜ  » ULANKM . IAM1 » IBM1  » KAMI » ICDM1 » 
IIP1 . ItiMl  > IALPHA. bLANKS . TH » TMAX  .- BLANK6, OELPHT, 
FHtO • CNTMAX, AK    , ASMLR • HUSHA . PUSHÖ » BOILA , BOILb . 
CVA *   CVB » SLUG  > ALPHA . HVA » HVB » HCA   . HCB   » 
EMINA . EMIUU . CA    • CB » 6A » OB » GL » GR    » 
RHOL » KHOH  » tPIO  . EPS I » RIA » RIB » ROIA  » KOIB  . 
RPIA » KPIU  » KPOIA » RPDIB » TPRINT» TA » TB » TC 

COMMON TO . TE   » UTH2 . DTH2P » OTH1  » DTRMIN, DTMAX » 
1 OTMAX1. UTHAX2» OTMAXJ. UTR » SWITCH» CO • CMIN  » DELTA » 
2 6AMA * «ICRIT i SIGKAJf AC . AC03T«». CNVRT . SUMRA , SUMRO » 

ROIA f KOIAMI» KOIH  » KOIUP1 » CMS » SI » S2 • S3   » 
S<» » Sb » Sb   » S7 » S8 » S9 » S10   » Sll   » 
S12 * S13 » SI*   » SIS . S16 » S17 . S18   » S19   » 
S2Ü • to » FO   » TAU » 2ERO » K (152)» DELTAR(152)» 

ASQ (152)» HO    (152)• VD (152)» ROD (152)» SMLR (152)» 
DELK I 37)» P    (152)» ^1 (152)» PB (152)» PB1 (152) 

COMMON H2    (152)» SV (152). RHO (152)» THET* \   (152)» 
1 M (152)» E    (lb2)» El (152). EK (152)» A (152)» 
8 V (lb2)» G    (152)» D (152). C (152)» X2 (152). 
A X3 (152)» X<»    (152)» X5 (152). X6 (152)» X7 (152). 
* SMLA (152)» SMLU  (152)» SMLC (152). SMLO (152)» SMLE (152)» 
S EC (1*2)» EK    (152)» SMLO (152). SMLH (152)» BIGA (152)» 
6 blCÜ (152)» CV    (152)» BC (152). BR (152)» CHIC (152)» 
7 CHI« (152)» CAPAC (152)» CAPAR (152)» CRTC (152)» CRTR (152)» 
6 CRTPC (152)» GOFK  (152)» FEW (152)» CAR (152)» OKLM ( 37) 
COMMON TELM  ( 37). EKLM ( 37). ELM ( 37)» FCLM ( 37)» 

| FRLM ( 37»» KLM   ( 37)» QLM ( 37). AMASNO( 37)» CHRNO ( 37)» 
2 ZPl ( 37;. ZP2   ( 37)» SOLID ( 37). ECHCK ( 37)» RK (104)» 
4 HL ( 37)» KHOK  (1U<»). ROK (10<t). THETAKUO«)» TEMP ( 16)» 

c 
HEAD ( 12)» MMXL      . MAXLM 

«• 
€«••«*•«•*««*««*«***«*««*««««*««*«•*«««**««««***«•«**«*«*«*****«««*«•««* 

DATA fIRST/0./ 
NSROK(lOl) 
IF(FXHST.GT..5)   60  TO 25 
DO 20 KS1.N 
ILSROKCK) 
XRSROMKn)-!. 
ROK(9«-»K)so. 
00 10  ISIL.IR 

10 RüK(9«f*K)sHUK(9'»*K)+G{I) 
20 CONTINUE 
25 00 30  Isl.lb2 
30 SMLQ(I)SO. 
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1)0  99  K=1»N 
T2=TH*üTH2 
1F(T2.LT.   l.t-2Ü)   GO   TO   100 
M=10+(K-1)*12 
IF(T2.LT.KÜK(M)>   (iO   TO  99 
Ml   =  M  ♦   1 
Mb  =  M  ■♦  b 
ÜO     tu     J  =   Ml»   Mb 
L   S   J 
IMHOMJKGT.   T2)   GO  TO   bü 

40  CONTINUE 
GO  TO  99 

bü   SOLlO(b)=RDK(L»bJ 
IF   (RÜK(L-l)    .LI.   TH)     GO  TO  60 
Q  =   (KDK(L-l)   "  TH)   *   F<ÜK(L*4) 
IF   (L   .tO.   Ml)     (d  -  Ü» 
TEMP(2)   =   (T2  -  KUML-D)   ♦   RDK(L*b)   ♦   3 
S0LlÜ(8)=TEMP«2)/ütH2 

60  CNVRT=CNVRT+S0Llü(8)«0TH2 
TEMP« Ds^^öTaa^l.SüLIOia)/KOK (9U+K) 

IL=ROK(K) 
IK=RÜKIK*1)-1. 
00 70 I = IL'ir< 

70 SMLO(I)=TEMP(l)»t.(I) 
99 CONTINUE 
100 FIRST=1. 

RPIBSCNVRT 
RETURN 

C 
C 
r 
C     RDK(1)-RUK(7) CONTAItJ HURT OF SOURCE REGIONS 
C    5oK li>-ROK(l» CONTAIN TIME CUTS FOR FIRST GROUP 
C    ROMlol-ROKUD CONTAIN KATtS FOR FIRST GROUP 
r 
C    R0K(22)-RüK(27)- TIME  2ND GROUP 
C    R0K(2ä)-Rü«UW)  RATES 
C    ROM34)-ROM39)  TIME  3R0 GROUP 
C    ROMIO-'fS)  RATES 

C    R0K<«»6-bl) TIMES «»TH GROUP 
C    RÜK(b2-b7) RATES 

C    RUK<b8-63)  TIMES bTH GROUP 
C    R0M64-69)  RATES 

C    ROM70-7b)  TIMES 6TH GROUP 
C    ROM 76-81)  RATES 

C     ROK(9b-100) COtiTAIN MASS OF EACH GROUP 
C    ROMIUI)  NO. OF MATERIAL GROUPS 

C    K IS SOURCE REGION INOEX 
C    J» L ARE TIME CUT INOICES 
C    M(K) IS THE ROK TABLE INDICATOR 

C WEAT.  IF TIME EXCEEUS LAST CUT. SOURCE SET ZERO. 

ENO 
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tttl FOR «ULIO/OUT» UUElu/OUTr QUtlO/OUTl 
SUBROUTINE QUE1U 

COMPILED JULY 16> i9ü7  JE2 
SPECIAL SOURCE tOR  J. PALMEf« 
SOURCt VARIES AS K**-N 
ROK(l)s LEI"T ZONE üOüUD/SKT 
ROK(i>)s RIGHT ZUUt. UOUriDAKY 
HUM3-62)s TlMcb FOR ÖIVEM tUOT 
HüK(b4-lUH)= EUOTS FOR GIVEli TIMES 

»KAP20000 
• SPUTTER       COMMON ♦•KAP200qo 
• ♦•KAP20100 

• •KAP20HO 
ICB   •KAP20120 
IC8P1 .KAP20130 
ICBM1 ,KAP201U0 
OELPRTfKAP20l50 
BOILO »KAP20160 

»KAP20170 
•KAP201ao 
fKAP20190 
KAP20200 
»KAP20210 
»KAP20220 
»KAP2023n 
»KAP202i»0 
»KAP202S0 
»KAP20260 

COMMON 
1 

4 
<* 
b 
6 
7 

KMAX i 
ZI . 
1IP1 i 
FREU , 
CVA . 
EMINA » 
RHOL t 
RPIA , 

COMMON 
1 DTMAXlt 
2 6AMA  t 
3 R01A , 
H SH , 
b S12 . 
b S20 » 
7  AS« 
0 O^LR 
COMMON 

1 N 
2 V 
d X3 
H SMLA 
& EC 
6 BI6B 
7 CHIR 
• CRTPC 
COMMON 

1 FRLM 
2 ZP1 
3 RL 
« HEAD 

LMOA(J7) 
I BLANK1 
t IS 
* IGM1 
I CNTMAX 
» CVB 
> EMINB 
t RHOR 
* RPIB 

TU 
OTMAX2 
WCRIT 
ROIAM1 
S5 
Sid 
EO 

(152)• 
( atj» 

(152)• 
(152)> 
(152)» 
(152)» 
(152)» 
(152)• 
(152)» 
(152)> 

37)» 
97)» 
37)» 
12)» 

RO 
P 
P2 
E 
6 
X<» 
SMLB 
ER 
CV 
CApAC 
60FH 
TfcLM 
WLM 
2P2 
HHOK 
MAXL 

NR    » 
bLAilK2» 
NRAU  » 
IALPHA» 
AR    » 
SLUG  » 
CA    » 
EPIO  » 
RPUIA » 
TE    » 
OTMAXJ» 
SIGMAG» 
ROlÜ  » 
S6   » 
SI*   » 
FO   » 

(152)» 
(152)» 
(152)» 
(152)» 
(152)» 
(152)» 
(152)» 
(152)» 
(152)» 
(152)» 
(152)» 
( 37)» 
( 37)» 
( 37)» 
(KX»)» 

USVLR • 
ul ANK3» 
lU.ANKH. 
dLANKS» 
ASMLR » 
ALPHA » 
CB » 
EPS I » 
RPOIB » 
0TH2 » 
UTR , 
AC » 
ROIBP1» 
S7    , 

IA 
IAP1 » 
IAM1 • 
TH . 
PUSHA > 
HVA » 
GA » 
RIA » 
TPRINT» 
UTH2P » 
SWITCH» 
AC03T<*» 
CMS » 
S8 » 
S16 » 
2ER0 
(152)» 
(152)» 
(152)» 
(152)» 
(152)» 
(152)» 
(152)» 
(152)» 
(152)» 
(152)» 
(152)» 
( 37)» 
( 37)» 
( 37)» 
(104)» 

IB 
IBP1 
IBM1 
TMAX 
PUSHB 
HVB 
GB 
RIB 
TA 
0TH1 
CO 
CNVRT 
SI 
S9 
S17 
R 

ICA , 
ICAP1 t 
KAMI , 
BLANK6» 
ROILA , 
HCA » 
GL , 
ROIA , 
TB , 
DTRMIN, 
CMIN » 
SUMRA , 
S2 , 
S10   » 
sie     • 

HCT 
GR 
RDIB 
TC 
DTMAX 
DELTA 
SUMRB 
S3 
Sll 
S19 S15 

TAU 
VD (152)» RDO   (152)» SMLR  (152)»KAP20280 
PI (152)» PB    (152). PB1   (152) KAP20290 
SV (152)» RHO   (152). THETA (152),KAP20300 
El (152)» EK    (152)» A     (152),KAP203lo 
0 (152)» C     (152)» X2    (1S2)»KAP20320 
X5 (152)» X6    (152)» X7    (152)»KAP20330 
SMLC (152)» SMLO  (15^)» SMLE  (152)»KAP20340 
SMLQ (152)» SMLH  (152)» BIGA  (152).KAP20350 
BC (152)» BR    (152)» CHIC  (152)»KAP20360 
CAPAR (152)» CRTC  (152)» CRTR  (152)»KAP20370 
FEW (152)» CAR   (152)» OKLM  ( 37) KAP203ao 
EKLM ( 37)» ELM   (37)» FCLM  ( 37),KAP2039o 
OLM ( 37)» AMASNO( 37)» CHRNO ( 37)»KAP20«K)0 
SOLID ( 37)» ECHCK ( 37), RK    (104) »KAP20<»10 
RDK (10H)» THETAKdOt)» TEMp  ( 16),KAP20H20 
MAW-M KAP20H30 

f KAP20«H»0 
*• *«KAP20<»50 
€«♦♦•♦••♦•♦♦♦♦♦*•♦♦♦♦♦*•♦•♦♦**♦♦♦«♦♦♦»«♦♦«♦»»«««♦,««♦»♦,* + «,,<,^,,^,,<,#,#KAp20(t60 

DATA FIRST/0./ 
IF(FIRST) '»U»1U»H0 

10 IF (RUK(l)* R0K(2) .GT. 0.1) CO TO 20 
S1S7I».0010 
CALL UNCLE 

104 
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20 

30 

tu 
50 

6(i 
70 

ILSHUKUJ 
IRSRDK(2) 
SUM6SU. 
00 30 I=IL»IR 
SUMGibOMu+faCI) 
SUMG  =  SUMG-.b*G(iK) 
UO   50   l=lrlb2 
SMLQttUOt 
T2=   1H  ♦  0TH2 
IF(T2   .LT.   HüK(J))   GO   TO   lOuü 
00 6b  J=<t(b2 
IF(RUK(J1   -GT.   T2) 
IMKOMJ)    .EO.   U.) 
CONTINUE 
J=  J-l 
TEMP (2)   = RDKiJ^ül 
SOLIü(öJ=HOK(J*bü) 
IF(RüK(J)   »UC«   TH)   GO  TO   60 

GO 
GO 

TO 
TO 

70 
1000 

TEMP(l)=tRDK(J)-TM)»KDK(J*«»9)*RDK(J+50)*(T2-RDK(J)» 
TEMP(2)   =   lR0K(J)-TH)*KÜKtJ+39)*HUMJ+<*Ü)»(T2-RDMJ)) 
TEMP(2)   =  TtMP(2)/UTH2 
S0LIb(8)=  TEMP(l)/UTh2 

80 BETA  = H.18ö79*SUhG*TE,1P(2J/SOL10(8)-l. 
SUMO  =  0. 
SUMS = -.ä*6(IL-l) 
DO 90   I=IL»1H 
SUMS  ■  SUMS*.5«(G(I-X)+C(I)) 
TEMP(i)   =  T£MP(2)*«SUMS/SUMG)«*aETA 
SMLO(I)   « TEriP(l)«G(I) 

90   SUMO  =  SUMQ>SMLQ(i)*<». 18379 
RPIB   -  SUMO-SOLIU(8) 
UO  9b   1 = 1L»II< 

9b  SMLQ(l)   =  SMLU(I>*(SOLIU(b)/SUMGl) 
iOOO  FIRSTS  1. 

RtTUKN 
ENÜ 
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BIT FOK MPPA/ST»   KAHHA/ST»   KAPPA/STD 
«»OdKOUTlNE  KAPPA li.. IM) 

C OUTPUT   VEKSIUiJ   THAT   INCLUDE.!»  DIVIDE  CHECK   TEST 
COMPILED MAY 221 i9b7 .-.bL 
c 
C     COMPILtU ON DECEMULH «1.1966. BY LAURA NOHRIS 
C KAPP0020 
j KAPP00H0 
C KAPP0050 
€«••••••••♦♦♦•♦••♦•♦♦♦♦»«•••♦*♦♦♦«•♦♦»•••♦»♦♦♦♦♦•»•♦♦*♦•♦»»♦»♦»»»»»,♦»»♦KAPPOObO c •KAPP0070 
c* SPUTTEH  C 0 M M 0 N •*KAPPOOeo 
c« , **KAPP0090 
c« ««KAPP0100 

COMMON LMUAUT), NR    t USMLH » IA . IB . ICA   . KB   .KAPPOUO 
1   KHAX ,   ULANK1, bLAUK2* ULANK3 . IAP1 . IBP1  . ICAP1 . IC3P1 .KAPP0120 
2  II . 16 » NKAO  » dLANKM . IAM1 . IBM1  . ICAM1 . ICBM1 ,KAPP0130 
«  IIPl 1 IGM1 t   IALPHA» bLANKS . TH . TMAX  . BLANK6. DELPRT.KAPPOUO 
•   FHfc« . CNTMAXi AH    • ASMLK . PUSHA . PUSHB . HOILA . BOILB .KAPP0150 
3  CVA • Cvb » SLUG  » ALPHA . HVA . HVB . MCA   . HCB   .KAPP0160 
to   EMINA . EMII4U * CA    . CB . GA . GB . 6L > 6H    ,KAPP0170 
7   RHOL » RHOR  » EPIO  . bPSI . RIA . RIB . RDIA  . ROIB  .KAPPOldO 
a  RPIA t RPI«  », RPDIA » KPDIB » TPRINT. TA » TB » TC     KAPP0190 
COMMON TO . TE    . 0TH2 « DTH2P . 1TH1  . DTRMIN. DTMAX .KAPP0200 

1   DTMAX1. ÜTMAX2. UTMAX3. DTR . SWITCH. CO » CMIN  . DELTA .KAPP0210 
2   6AMA » 4CKIT i SIGMAQ» AC . AC03T<». CNVRT . SUMRA . SUMRB •KAPP0220 
4  ROIA » ROIAM1» KOIU  i KOIBPX . GMS . SI . 52 . S3   .KAPP0230 
•»  SU * ib .56    .57 . 58 » S9 . 510   » Sll   .KAPP02U0 
»  S12 • S13 » SI*»   » SIS . S16 » S17 » 518   . S19   .KAPP02S0 
6  S2Ü • EO » FO    » TAU . ZERO . R (152). DELTAR(152).KAPP0260 
7 ASQ (152)» HO   (152)» VD (152). ROD (152). SMLH (152).KAPP0270 
tt OELR ( 37)» P    (152)» PI (152)» PB (152). PB1 (152) KAPP0280 
COMMON P2    (152)» SV •152). RHO (152). THETd (152).KAPP0290 

1  M (152)» E    (152)» El (152). EK (152)» A (152).KAPP0300 
2  V (152)» 6    (152)» 0 (152). C (152)» X2 (152).KAPP0310 
4  X3 (152)» XH    (152)» X5 (152)» X6 (152). X7 (152).KAPP0320 
•»  SMLA (152)» SML8  (152). SMLC (152). SMLD (152). SMLE (I52).KAPP0330 
b    EC (152)» EH   (152). SMLQ (152). SMLH (152). BIGA (1S2).KAPP03H0 
to BIGB (152)» CV    (152). BC (152). BR (1S2>. CHIC (152).KAPP03S0 
7 CHIK (152). CAPAC (152). CAPAH (152). CHTC (152). CRTR (IS2).KAPP03b0 
» CRTPC (152)» 60FK  (152). FE4 (152). CAR (152). OKLM ( 37) KAPP0370 
COMMON TELM  ( 37). EKtM ( 37). ELM ( 37)» FCLM ( 37).KAPP03bO 

1 FRLM ( 37)» «LM   (37). QLM ( 37). AMASNO( 37)» CHRNO ( 37).KAPP0390 
2 2P1 ( 37). 2P2   (37). SOLID ( 37). ECHCK ( 37)» RK (lOm.KAPPCJOO 
A    RL ( 37). KHOK  (10<»)» ROK (10<»)» THETAMIO*)» TEMP ( 16).KAPPOmo 
* HEAD ( 12). HAXL       » MAXLM KAPP0>»20 

c KAPP0«»30 
c. • «•KAPPOUO 
C«*«*««*«««***««********«*««*****«*«******««*«***««**«**«*****««**«*****KAPPO<»50 

COMMON /LINULY/ HNUfS6NL»IHNU*NHNU»HNUP>NT>IMfiNtDHNUi THICK .NY   KAPP0H60 
c KAPP0«»70 
c KAPP0U80 
c 
c 

AMASN0(ia-3<») RESEKVEO FOR uESIGNATION OF DIANE TAPE UNIT. 
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c 
c 

i4T=0 

OH.   MATtHL-  .CQ.   103)   LSI 

N « IM 
tL   =   N 

1UÜ  UO 200  J=l>   MA AL. 
IF(IL.LT.LKOA(jn   oo   TO   300 

200  CONTlNUi 
SI  «  lb.0200 
CALL UNCLE 

300 IK=MlNU(LMUA(Ji-l*Mi 
J= J - 1 
IF(0LH(J«17))400.JbO.HOO 

3b0 QLM(J*17)=AdS(0KLMJ)) 
«00 CONTIWOL 

SOLIU(20)= IL 
S0LI0(21)=IR 
&QLI0(22)sJ 
IF(AMASNO(J*17) .OT. 0.1 HO  TO 600 
L ■ a 
MATt"RL=ÜLM(J»17» ♦ .5 
XFCMATEKL .GT.20Ü) L=MATtHL - «*• 
IFIMATLKL .L(J. 1) LSJ 
IF(MATLKL .tu. 6) L=l 
IF(MATLRL .Lü. 13) L=b 

IF (MATCRL .Ett. 101 
IFIMATERL .EO. lÜ<:)L=t) 
IFIL .LT. 13) CO TO bOO 
iia ib.U'jou 
CALL UNCLE 

bOO 00 TO »1.2. J.'+.b.b.T.b.S. 10,11. U>k'L 
1 CALL KAP1 

60 TO 700 
2 CALL KAH2 

GO TO 700 
3 CALL KAP3 

GO TO 700 
<* CALL KAP« 

GO TO 700 
» CALL KAPb 

GO TO 700 
6 CALL KAP6 

00 TO 700 
7 CALL KAP7 

GO TO 700 
6 CALL KAP8 

GO TO 700 
9 CALL KAP9 

GO TO 700 
10 CALL KAP10 

GO TO 700 
11 CALL KAP11 

GO TO 'JO 

12 CALL NAP12 
tfO To 7U(i 

600 CALL uiA.MA(J) 
700 UO BbU I=iL.iH 

CAPAR(i)   I   AKliUlcAPAMDt   2.fc20L6/THETA( 1>) 
600  CÜNTl.tUE 

CMLL   UVCHK(KX) 
GO Tu (ttlüt öiul. KX 

aio si ■ ib.oaiu 
CALL   UNCLE 

b20   iL'lh   *   i 
IF   (IL   .GT.   M)   rlLTUKl, 
GO  TO   100 
INB 

KAPP1170 

KAPP1190 

KAPPiaiO 

KAPP1230 

KAPP12S0 

KAPP1270 

KAPP1290 

KAPP1310 

KAPP1330 

KAPP1350 

KAPP12T3 

KAPP1390 
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4f   FOM   KAP6/JP.   KAPo/JT*.   KAPb/JPl 

COMPiLtü     NOVLMüCR   11 •   IVbo   «l'L 
C SPeClAL  KAP hOurii^.  FO«   etNtTANI   INPUT  MULTIFRCOUEf.CY   OPACITIES 
C lntTAft(6l-eu)   SPtClFILS  FHt*UtN€T 
C THtTAKl61-10ul   SPLCIFIES  uf'-CI I Y 

I 

1: 
• ••* 

5 P U T T £ H       C 0 M M 0 N 
• 

• • 
• • 

COMMON LMOA(J71, NM    * HSMCH . IA . IB . ICA 
• • 

ICB   . 
KMAX • MLAIMl, bLANK2. OLAfJKj . IAP1 . I8P1  . ICAP1 . ICBP1 . 
II i U » NKAU  l uEANH« . IAM1 ' IBM1  . ICA*1 . ICBK1 , 
I1P1 • 1»MI  t 1ALPHA. dCANKi . TM . TMAX  . BLANK6. OELFRT. 
FHEW • CNTMAAi AH    . ASMUR . PUSMA . PUSH« , HOILA , BOILH . 
CVA t CVU • 54.U(i  . ALPHA . MVA . HWB . HCA   . HCB   . 
EMiM • *.mvm , CA    . CB . «A . «a . GL . 6R    . 
RHOi. . ^JMO«  . EPIO  . EPS I . RIA . RIB . ROIA  . R0I8  . 
RP1A • RPIH  I RPOIA . HPOItt . IP«INT. TA . TB . TC 

COMMON TU . TL    * UTH2 . UTH2P . UTMl  . OTRMIN. OTMAX . 
UTK.« U. UTMAX^i OTMAX3. UtR . SWITCH. CO . CMIN  . OCLTA . 
6AMA * HCRir i SUMAd. AC . AC03T«*. CNVRT , S0*r«A , SUMHb . 
ROIA • ROIAMl. MOM  . KOIMP1 . GMS > SI . S2 . S3   . 
M • ss . b«.    . S7 • S« • S9 . S10   . Ml    . 
%U • sii . SI« SIS • SI« . S17 . S10   . S19 
S2ü • EO • FO   « TAU . ZERO . R (152>. 0EtTAH(l52». 

ASw I1S2». HU (152)< VD uatti ROO (152). SMLH (152). 
UtLH ( 37)« P (152). PI (152). PB n»2). PB1 (152) 

COMMON Pi (152). sv (152). RHO (152). THET« t (152). x ■ liMli E Pb2)« El (1S2). EK (152). A (152). 
V (152). 6 (152). 0 (152). C (152). X2 (152). 
XJ (152,. X« (^52). X5 1152). 1* (152). X7 (152). 
SML» (152). SMtu USii. SMLC (152). Sf^LO (152). 3»«LE (152). 
EC (152)« ER <lt)2). SMLO (152). SMLM (152). BIG* (152). 
BI6b (15.:'. C« (152). BC (152). BR (152>. CHIC (152). 
CHIH (152). CAHAC (152). CAPAH (152). CRTC (152). CRTR (152). 
CRTPC ItMli ÖOKH (152). FEW «5.52). CAR (1521. OKLM ( 37) 

COMMON TfcLX ( 37). EKLM « 37). ELM ( 37). FCLM ( 37). ■ FRUM « 37). «LM ( 37). OCM ( 37). AMASNO( 37). CHRNO ( 37). 
2 IPX ( 37)« wz ( 37). SCUIU ( 37). ECMCK ( 37). RK (10*»). 
i ML ( 37). HHOK (10«). ROK CIO«)* THETAXdO*). TEMP ( 16). 
• 

: 
HCAO ( 121. MAXU . MAXLM 

••••••i • •*«« ••••«•« .«•••••< 
•• 

COMMON /LINOLT/ HNU.S6NL.IHNU.NHNU'HMUP.NT.IM.IN.OHMU.THIC^.NT 
IP      (IMNU .EO. 1)  NHNU s THETAKU61) 
HNU s THETAMlHNUtbO) 
IK 9  SOLID -Oi 
IL s M)L:o(21t 
00  10  1 s iA. IL 
IP (IHNU .01  0)  00 TO b 
ORET KAPPA 

CAPAK i) — THETAK|lb2) 
00 TO 10 
MULTIFHLUUENCY RAf-KA 

b CAPAH(l) | THtlAR(JN«U»bJ) 
1Ü CAPAC(I) 

RETURN 
CHO 

' 

CAPAR(I) 

108 



AFWL-TR-67-131,   Vol III 

«fT FOR KAP12/JP. KAP12/JP» KA>'12/JP1 
»UbROUTiNE KAP12 . KAPlOOlO 

C KAP10020 
C ES3 0010 

c 
c. S P U T T E N  C 0 M M C N 

• 
•• 

c. «• 
c« *« 

COMMün LKÜA(J/). NN    > NSMLR » IA » IB    » ICA   » IC3   . 
1 KMAX • ÜLANKi» bLA,MK2» üLANK; » IAP1 » IBP1  » ICAP1 » ICBPl . 
2 11 i IG    i NHAU  . bLANK<* » IAM1 » IBM1  » ICAM1 , ICBVI , 
J IlPl l lüMl  i IALPHA» bLANKt » Tu » TMAX  » BLANKO, DELPHT. 
<♦ FHtU . CNTMAX. AH    • ASMLR » PUSHA » PUSMB » BOILA • B0IL3 . 
!> OVA • CVB   » SLUG  » ALPHA » HVA » HVB   » HCA   » HCB   . 
b EM1NA . tMNU . CA CB » GA » GB    » GL . GR    . 
7 RHOL l KhOH  i EPIÜ  » tPSI » RIA » HIB   » ROIA  , ROIB  . 
■ RPIA » RPIb  . HPDIA » HPOIB » TPRINT» TA    » TB . TC 
COMMON TD Tt    » JTH2 . DTH2P » OTHl  » OTRVIN» DTMAX .- 

DTMAX1. 0TMAX2. OTMAXJ. ÜTR » SWITCH, CO    » CMIN  i DELTA , 
GA.^A i «CKir i bIGMAJf AC » AC03T<»» CNVRT . SUMRA , SUMRB . 
ROIA * KOIAMl. KOlll  » HOIüPl • CMS » Sl   » S2 . S3    . 
M i M   • Sb   » S7 » SS » S9    . S10   » Sll   . 
S12 » S13   i S14    » S15 • S16 » S17   . S16   • S19   . 
S2ü • EO    1 FO    » TAU » ZERO » R   (152)» 0ELTAR(152). 

AStt (li>2)> HU (152)» VD (152)» ROO   (152)» SMLR (152). 
üELri t J7). M (152)» Pl (152)» PB    (152)» PB1 (152) 

COMMON P2 (152). SV (152)» RHO   (152)» THET« t (152). 
M tlb2), t (152)» EI (152)» EK    (152)» A (152). 
V (Xb2)» G (152)» 0 (152)» C     (152)» X2 (152). 
U (1^2). XH (152)» X5 (152)» Xb    (152)» X7 (152). 
SMLA (ib2j. JMLU (152)» SMLC (152)» SMLO  (152)» SMLE (152). 
tc (lb2)» tK (152)» SMLQ (152)» SMLH  (152)» BIGA (152). 
ölOb (152)» CV (152)» BC (152)» BH    (152)» CHIC (152). 
CHIK (152). CApAC (152)» CAPAH (152)» CRTC  (152). CRTR (152). 
CRTPC (152)» OUFK (152)» FE« (152)» CAR   (152)» OKLM ( 37) 

COMH^ TttM ( 37)» EKLM ( 37)» ELM   ( 37). FCLM ( 37)« 
1 FRLM ( 37)« HUM ( 37)» OLM ( 37)» AMASNO( 37)» CHRfiO f 37», 
1 ZP1 t 37). ZP2 ( J7)» SOLID ( 37)» ECHCK ( 37). RK imii 
J HL 1 37)» HHOK düHl» ROK (10«)» THETAKdOH). TEMR ( lo). 
<* HEAJ ( 12)» MAXL » MAXLM 

c 

h.. 
IL=SOLIU(Il) KAP10050 

• • • ••••••i 

•• 

c 
•••••>< • • • • • 

KAP10030 
IKSSOL1L(20) KAP100UO 
J :S0LID(22) KAP10060 
CHRN:42. 0 KAP10070 
AMASNS«t. 0l7t»V KAH10080 
ZPA=2.H0»£-03 KAP10090 
lPasi.B2lt*VH KAP10100 
UO 1ÜUU UIK.lk. XAP10110 
IFITHtTAdl.NL.U.) ( *o ro i * 
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CAHAC<1)=.Ü 
00   TO   1U00 
IXT=1 
TLM»Mj) = lHk.rA(n»*i 
TtHf'(H)=lt.M»,(J)*»«: 
rEHC(3> = TlltlAU»»»l.b 

c ****** »        •        * 
Ir(SV(l).Gb.lU.      )(iO   TO auo 
lF(SVU).Lt.l.        IbO   TO is 
wmt 
Mia!>#ft) 
bV(I)zlU. 
UtUYs^tOv/C   lU./bVl)/( c.Jo2bQ'jl) 
UU    tj   tUu 

b  MltlSl« 
TcMPCuCCAHAKU) 

KAH1022n 
♦       »       » 

12  CAf»AK(U=b.'»yt*b/( tf.^<b)*<l.ü*l.E-b»iW(n*TEMP(3)))*13.1» 

CAPAK(l)    S   ANiAXlluKLM(J+iy)    *   CAPAH(I)l    .2) 
s>d   T'j  2b 

!«♦  CAf Ah a»sU.ü*l.7»>E.12/TL-IP U) )•(.() ^09*2.78^21/(TEMP( 3) •( 7.6c: 13* 
1   3URT(bUHT(i>V(II>l      ♦   rL,-lp(H)»SV(I>))) 
CAHAHUI   z   AMAX1(UKLH( J+i7)   *   CAPAH(1)>   .2) 

2ü   bO   Tu   (3bO.^U)»lxT 
• •••••*••***(<•«** 

2UU   CONTI^Uc 
IF   <7HtlA(I)-2.U)   201.201.202 

201   t>K:i.l.2 
t<j  To  JUu 

2Ü2   Ir    (1llfe.lA(l)-2vi.U)   203.iiiJ.20i* 
204  C.>->'=V.L2/(lHLTA(l)41.0)**2'»2>bE-&*THETA(l)«*& 

(>0   TO  300 
2U*»   IF   ( IHLTM(I)-JüU.ü)   20b.2U5»20b 
20b  tFFS«>.!>6«.b/TMLrA(il»»3»b.c-b»THETAtI)««3 

(«I   To   JOO 
20b tFF:u.U*H.<«Lb/rHtTA(n*«2 
301/   COfjTlNUt 

D^sSuHTdHtlMd)) 
• bA   *  Ft-    (I*«2/,JV(1) 
lHFL*ll».Ll.i.l   bU   TO   JJu 

00  To 43b 
330  HbA s  AFilNlihSA»   l.LlU/A Mb.WHETAl I )«NS*EXP(-6.0/TH£TA( I))) 
33b CAPAK(I)   S  AmA!>l4«*2*<«.Ubi.-l4/THCTA(l)««3*HSA/WS 

CAHA^U ISAMAAl IOKi.MU«17) «LFFtCAHAMI I). .8) 
uU TO (JSü.b).Jll 

KAPlü2np 
KAP102/0 
KAfl02ttO 

KAP1030n 
kAPlu3lO 
KAP1032n 

KAt'10»«lO 
KArio<»2n 
KAP10<«3n 
KAriOMUCI 
KAflim-.n 
KAPlQHbO 
KAPlOHTn 
KAP10i*H0 
KAP10U40 
KAPlObOO 
KAP10510 

3«I0  CAPAMl)SEX»>UU>0lTLMP(bm(Al.06ICAHAR(in-Al.0G(TEHP(6)n*DY0r> 
bVdtSbVI 

KAPlObOO 
•       •••••••••••••••••a 

3bü   ••ab:i3.t./THL1A(l).lCHH .i«.^) KAPlOblO 

3*0 

370 
380 

000 

IFIFEadl.CU.O.)   «*0   TO  370 
.;.€ = 1.1* 10/A, :A.„N. Tc   P (->)/* t.-(!)•&/t I) 
IM To 3«0 
4SC3 1. 
COM? 1*4)11 
CAPA«. I i > S .e /*Ctr'Art 11) • AM.a (I . O^SI*. 1. 0»ALOO(«SC ) » 
CAPAC (1 »SAMAKl (CMPAC 11 i »CAPIIKI 11 I 
CtNflMUC 
HETUHf* 

KAP10630 
KAPlObUO 
KAP106S0 
KAP10660 
KAP10670 
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Or   FOK  KTAft/OKIC»   HTA^cVOKlO.   r^TAPL/Al 
SUbHüUTlNt  RTAPEliiTAHE»CrCLL) RTAP0010 

c 
CMPILEU  APKIL "♦» I'Joy WÜL 
C SPLC1AL VEHblOJ FOH CO'Hrorj SCATT iHlNÜ CODES 
C««*««««•**«««**•«****««**********«******«*******•*******«•******«•*****RTAP0020 
C •RTAP0030 

c. S P U T 1 e. K   C } M M 0 N •»RTAP0040 

e« ••RTAPOObO 
c* ««RTAPOObO 

COMMON LMUA(J7), UH    I NSML« ,   IA . IB . ICA   . KB   .RTAP0070 
1 KMAX . bLAfJKi. hLANK<>> ÜLANK3 • lACl . IBP1  . ICAP1 . ICBP1 .RTAPOOHO 
2 11 . Iti • NKAU  I ULANKt • IAM1 . IBM1  . ICAM1 . ICRMl ,RTAP0090 

J IWl 1    IOM1  • 1ALPHA. üLANKb . TH . TMAX  . BLANKb. DELPRT.RTAPOIOO 
•» fhLQ . CNTMAXi AK    # ASMLR . PUSHA » PUSHB . H01LA , BOILB .RTAPOllO 
b CVA . CVÜ i SLUd  . ALPHA . HVA . HVB . HCA   . HCB   .RTAP0120 
b EMNA • EHINÜ . CA    i CB • GA . 6B . GL . OR    .RTAP0130 
7 RHOL . HHOH  . EPIO  . EPSI KIA . r<IB . RDIA  . ROIB  .RTAPOltO 
e RPIA » KPIU  • RPUU • KPDIH TPRI'iT» TA . TB . TC    RTAP0150 
COMMON TU > TE UTH2 DTH2P » DTHl 1  i OTRMIN. OTMAX .RTAPOlbO 

1 OTMAX1» UTMAX2> ÜTMÄXJ, UTH SWITCH. CO . CMIN  . 3ELTA ,RTAP0170 

2 6AMA • «iCKir i SIGMAJ, AC    • AC03Tt. CNVPT . SUMRA , SUMRd .RTAPOleo 
ROIA • RÜlAMi. KOIH  . MOIBPli GMS . SI . S2 • S3    .RTAP0190 
St • Sb 1 Sb J>7   . sa I S9 > S10   . Sll   »RTAP0200 
S12 . Ul » Sit  i S15   . Sib . S17 . SIS  » S19   .RTAP0210 
S2U • 10 • FO TAU   . 2ER0 . R (152>. DELTAR(152).RTAP0220 

ASQ (152)• HU (lb2>i VD (lb2) . ROD (152). SMLR (152).RTAP0230 
UELH ( i7). P (lb2>< PI (152) - PB (152). PB1 (152) RTAP02tO 

COMMON P2 (lb2)> sv (152) . RHO (152). THETA (152).RTAP0250 

1 N (ib2)« t (lb2)< El (152) - EK (152). A (152)»RTAP02bO 
2 V llbi). 1 (lb2)i 0 (152) • C (152). X2 (152).RTAP0270 

Ai (Ib2>f XH (lb2)> X5 (152) Xb (152). X7 (152).RTAP02ao 

SMLA (1>2)> SMLL 1  (lb2)> SMLC (152) SMLD (152). SMLE (1S2)»RTAP0290 

ec (1521• tK (lb2)> SMLQ (152) SMLH (152). BIOA (152).RTAP030o 

BIOo (tb2)» cv (lb2)< BC (152) BH (152). CHIC (152)»RTAP03lO 
CH1K (lb2)* CApAC (lb2)i CAPAR (152) CHTC (152). CRTR (152).RTAP0320 
CR1PC (1S2)> (*OFH 1  (lb2)i FE* (152) CAR (152). OKLM ( 37) RTAP0330 

COMMON TtLM  ( 37». EKLM ( 37) ELM ( 37). FCLM ( 37>.RTAP03tO 
1 FRLM ( J7). NLM ( 37)i OLM ( 37). AMASNO( 37). CHRNO ( 37),RTAP0350 
2 2P1 ( 37) f £Pi ( 37)i SOLIU ( 3T)t ECMCK ( 37). RK (10t),RTAP03bO 
J ML ( 37)» HMOI" .  (10t)i RUK (10t) TMCTAMIO*). TEMP ( 16).HTAP0370 
1 MEAO ( 12)» MAAi .      i MAXLM NTAP0360 

c RTAP0390 

u. ••«>• •••••• >••«« ••••••« ••♦••< •••*«•• ••••••i 

••RTAPOtOO 
•••••••HTAPOHIO 

COMMO.^   /LINULT/   MNU.SGNL.IHNU.NHNU'HNUP.NT*IM.IN.OHNU.THICK'NT 
COMMON  /PALMtR/     KlO(iS2).  FI1(152)'  FI2(152).   Fl3tl52)^   F00(l52), 

2 F01(lb2).   Fw2(152).  F03(152:.   JCRUM 
RTAPL OLFINLS  JUHUM ON RESTARTS.     «TAPC  OCFINCS   IT ON  INITIAL  STARTS. 
NHNU s  LM0A(3b) 
REMINU NTA^t ;TAP0*20 

10 READ   (NTAPE)   Cum4T RTAP0t30 
I?   (COUNT.LT.O..OH.COUNT.6T,CYCLE)   60  TO  30 RTAPOttO 
If   IABS(F0>   .OT.   l.E-20)     RtAO   (NTAPE) 
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IF   (AbSJCOUNT - CttLt) .LT. l.E-20)  60 TO 20 
*HITt lb»5ü) COUr4T 

bU FOKMAT (IMG bXt öHCYCLE. FO.O» 8H SKIPPED» 
HEAD (NTAPE) 
UÜ  lb  I • il NHNU 

1> KtAU (UTAPEI 
«iO To 10 

20 HEAD tNTAPk)tU^üA(l).I=l»9Hü5) 
JUKUM = 2!> 
LMUAOo) : NHNU 
UU  2b  I • Al NHNU 
KtAD (NTAPtl  KlOt FU» F12» FI3 

2b wMITt IJUrtUM)  Flu» Fll» F12» Fli 
RCTUKU 

iO  SI = •»O. 
WHXU «6» '♦0) SÜLlüCi«*! „  _ mMtm    , 

<t0 FORMAT »IHO bX  6MCYCLE  F6.0. WH NOT ON OOMP TAPE ) 
CALL EXIT 
INO 

RTAP0H60 

RTAP0*70 
RTAPOtBO 

RIAPO^^O 
RTAP0500 

RTAP0520 
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FOK  *TAPE./bP» »TAPt/iHi ATAPL/SPI 

SJbHOuTlNE   WTAPL 

^'"SfcIS'tcKl^fJ« C^ProN SCATT£KING CODES 
c 

WTAP0010 

WTAP0030 

I * ♦•♦♦♦♦♦• ***:J;;ä 
c 
C 
c» 
c. 

bPUTTCK   COMMON 

COMMOf4 
KMAX 
II 
IIP1 
FHcO 
CVA 
EKiNA 
RHOL 
«PIA 

UMUAU7)»   NK •   .NSMLR   I 
I   BLAlilKl.   bUAUKif   ÜLANK3» 

COMMOU 
OTMAX1. 
GAMA • 
ROIA I 
SH '  . 

16 
lüMl I 
CNT^AX. 
CVU ' 
EMlMii • 
KHOi< • 
IP lb i 
ru  » 
UTMAX2« 
rfCKIT t 
KOIAMl- 
Sb    • 

NKAÜ 
IALPHA. 

bLANK«*» 
LiLAfJKb. 
ASMLK • 
ALPHA t 
CB 
EPS!  » 
«poia . 
ÜTH2 » 
UTR . 
AC 
r<OIBPl> 
S7 

S12 
S2Ü 

ASC 
OCLK 

COMMOW 
1  4 

V 
H 
SMLA 
EC 
blob 
CHIK 
CRTPC 

COMMON 
1  fRLM 
•i    IPX 
*     RL 
«  MEAL» 

I S13 
i EO 

(152)» 
( 37)» 

(152)» 
(152)» 
(152)» 
(152)» 
(152)» 
(152)» 
(152)» 
(152)» 

( 37)# 
( 37)» 
( 37)» 

Ho 
P 
P^ 
t 
I 
XI» 
jMLrt 
EK 
CV 
CAPAC 

TtLM 
«LM 
<P2 
HHUK 

AH » 
SLUG » 
CM » 
EPIO » 
RPUIA » 
TE 
UTMAXJ» 
SIGMAJ» 

HOIU » 
S6 • 
Sl<* » 
FO    • 

(152)» 
(152)» 
(\52)» 
(152>' 
(152)» 
(152)» 
(152)» SMLC 
(152)» SMLQ 
(152>> 
(152)» 
(152)» 
( 37»» 
( 371» 
( 37)» 
(1U<+)» 

IA    » IB 
IAP1  » IBPl 
IAM1  » IBM1 
TH    » TMAX 
PUSHA » PUSHB 
MVA   » HVB 
GA    > GB 
KIA   » RIP 
TPRINT. TA 
ÜTH2P » OTHl 
SWITCH» CO 
AC03Tt, CNVPT 

S15 
TAU 
VÜ 
Pi 
SW 
El 
B 
Xb 

uc 
CAPAR 
KEW 
EKLM 
OL« 
SOLIÜ 
HDK 
HAXLM 

GMS 
M 
Sib 
ZERO 
(152)» 
(152)» 
(152)» 
(152)» 
(152)» 
(152)» 
(152)» 
(152)» 
(152)» 
(152)» 
(152)» CAR 
( 37)» ELM 

SI 
S9 
S17 
R 

ICA » 
ICAP1 » 
ICAM1 , 
BLANK6, 
BOILA i 
MCA » 
GL » 
ROIA . 
TB » 
DTRMIN» 
CHIN • 
SUMRA » 
S2 » 
SIC   » 
sie 

•NTAP0050 
■.•WTAP0060 
««MTAP0070 
«•NTAPOOao 

ICB .WTAP0090 
ICBP1 »IKTAPOIOO 
ICBM1 »NTAPOllO 
DELPRT»WTAP0120 
BOILB »WTAP0130 
HCB .l*TAP01i»0 
GR »MTAP01S0 
ROIB »WTAPOlbO 

NTAP0170 
»WTAPOIAO 
tWTAP0190 
»MTAP0200 
>WTAP0210 
,MTAP0220 
»NTAP0230 

» 
RUU 
PB 
RHO 
EK 
C 
Xb 
SMLO 
SMLH 
0« 
CHTC 

TC 
OTMAX 
DELTA 
SUMRB 
S3 
Sll 

. S19 
(152)» OELTAH(152)»WTAP02«»0 
(152)» SMLR (152)»WTAP0250 

(152) WTAP02&0 
(152).»ITAP0270 
(152)»<(TAP0280 
(152)»WTAP02V0 
(lS2)»wrAP03üO 
(152)»t(TAP03lO 
(1S2)»WTAP0320 
(152).*ITAP033P 
(152)»WTAP03i«0 
( 97) WTAP0350 
( 97t»MTAP03bO 

(152)» 
(152>» 
(152)» 
(152)» 
(1521» 
(152)» SMLE 
(152)» BIGA 
(152)» CMIC 
(152)» CRTR 

PB1 
THETA 
A 
X2 
X7 

(152)» OKLM 
( 37». FCLM 

( 37». AMASII0( 37». CHRNO ( 37» »lr*TAP037o 
(   37»»   ECMCK   (   37».  RK (10H».»lTAP03dO 
(10H>.   TMETAKdO*»)»   TEMP (   16» .WTAP0;90 

WTAMMK) 
(   12».  MAXL                •   MAXLM iTAPO«HO 

•«MTAP0120 

a FBIC152»,   Fg2(152»»  Fa3(l52».   JORÜM 
C0MM0I4 /CNTIH./  SCtCLE.   J^ULT WTAPO**0 

C WTAPOH50 
N3S5 «TAPOUbO 
M*S-3.0       . .... ||TAM«»70 
-RlTt IN)  SOLlüdB» .      .^  -. 
IF (AtiSIFOI .6T. l.t-20»  ■MITE (N»  TM 

FIO» FIl. FI2» FI3 

«RITE (N»(LMÜA(1).IS1'9*05» 

STJiiBSii Uf. sctcLE) mm ^«UM 
8 .^li.iei'.^W)  KtAO ..DRUM, 

iU -KITE (N»  Flu' I11,' "?.•,»!:, STAMTS.  HTAPE DOES IT ON RESTARTS. 
WTAPt UCFINtS JORU4 ON » lT^.^^;& öT. o^  60 TO 20 
IF (SOLIO(3«»» .Gt. M>    »OiU SOLIU«!1»» ••'•. 

JUHUM S 25 

■TAPOWO 

REMlNü JUHUM 
00  15  1 * 1' 

15 WKIU (JÜKUM» 
20 WHITE (N) fcS 

DACKS^ACE H 
RtTUK.« 
ENO 

MHNU 
FIW» FIl» Fl<» FI3 MTAP0500 

«TAP0510 
WTAPOSbO 
WTAP0570 
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Bf    FOK    MPZ/XX.MP^/XXtMPZ/XXX 
' bUBHOuTIUt. HP^ 

C    OUTPUT VERSION — ROIL. CNDCTN OELtTEO 

C SMAIOOlo 

h *•♦**• ♦• * ♦* • •♦ ♦♦•• SuiiSS 
•3MAI0050 

••3MAI0060 
•3MAI0070 

C« 

c« 
SPUTTER       COMMON 

I 
2 
A 
<♦ 
b 
6 
7 
a 

COMMON 
KMAX 
!1 
IlPi 
FRtU 
OVA 
EM INA 
HHOL 
«PIA 

LMÜAJJ7),   NH ,   USMLR   . 
I   BLANK1»   ÜLANK^,   uLAIJKJ. 

1 
2 

« 

6 
7 
» 

COMMON 

IG 
IGM1 | 
CNT.4AX» 
CVÜ . 
EMINU i 
KhOH t 
KPIb i 
TU I 

NKAO i 
IALPHAi 
AR , 
SLUG > 
CA 
EPIO i 
KPOIA i 
TE 

uLANK'4, 
ULANKbt 
ASMLR i 
ALPHA i 
Cb i 
EPSI i 
HPUIB | 
UTH2  . 

OTMAXl. OTHMX^» DTMAXJ. L»TR 
6AMA 
ROXA 
M 
S12 
S2Ü 

ASQ 
UCLR 

COMMOr. 
1 a 
2 V 
4 X3 
* SMLA 
5 EC 
* dlGtt 
7 CHIN 
* CRTPC 
COMMON 

I  FRLfl 
a zpi 
* RL 
•♦  HCAO 

i «CHIT • SIGMAR• MC 
• HOIAMI» ROIU  • ROIBP. 
» N    » Sb   » S7 
• S13   . SI*»   I blS 
• CO » fO , TAU 

(152)» RU US2)» VO 
( 971» P     Ilb2)» PI 

^    (1S2)» SV 
(152)» E     (lb2)» El 
(152)» 0     (152)> 0 
«152/» X"*    (152)f X5 
(152)» SMLU  (152)» SMLC 
(152)» EH    lltaii SMLU 
(152)» CV    (152)» BC 
(152)» CAPAC (152)» CAPAR (152)* CNTC 
(152)» OOFH  (152)» FEN   (152)» C«R 

( 37)» EKLM  ( 37)» ELM 

IA    » IB 
IAP1  » IOP1 
IAM1  » IBM1 
TH    » TMAX 

• PUSHA » PUSHB 
• HVA   » HVB 
• GA    » 6B 
' RIA   » RIB 
TPRINT» TA 
UTH2P • OTH1 
SNITCH» CO 
AC03T'»» CNVRT 
GMS   • SI 
38    » SO 
S16   » S17 
ZERO  » R 
(152)» ROD 
(152)» PB 
(152)« RHO 
1152)» EK 
IMMIt c 
(152)» X* 
U52) t SMLO 
1152)' SMLH 
(152)' BR 

TELM 
( 37)' MLM 
( 37)' 2P2 
( 37)» HHOK 
(12)» MAXL 

••3MAI0080 
ICA   » KB   »3MAI0090 
ICAP1 , ICBPl »3MAI0100 
KAMI , ICBMl »3MAI0110 
BLANK6. DELPHI,3MAI0120 
HOILA , BOILB »3MAI0130 
HCA   • HCB   »3MAI01i»0 
GL   » 6R    •3MAI0150 
RDIA  , ROIB  »3MAI0160 
TB    » TC     3MAI0170 
UTRMIN» DTMAX .3MAI01HO 
CMIN  . DELTA .3MAI0190 
SUMRA » SUMRD »3MAI0200 

' S2   »S3    »3MAI0210 
• S10   » Sll   »3MAI0220 
' S18   » S19   .3MAI0230 

(152)» OELTAR(152)»3MAI02i»0 
(152)» SML«  (152)»3MAI025o 
(152)» PB1   (152) 3MAI0260 
(152)» THETA (152)»3MAI0270 
<1S2)» A    (i52)»3MAI02rtO 
(152)» X2    (1S2)»3MAI0290 
(152)» X7   (152)»3MAI0300 
(152)» SMLE  (152)»3MAI03lo 

(152).3MAI0320 
(152)»3MAI0330 
(152)»3MAI03H0 
( 37) 3MAI0350 
f 37)»3MAI0360 

(152)» BIGA 
(152)» CHIC 
(152)» CRTR 
(152)» OKLM 
( 37), FCLM 

( 37)» OLM   ( 37)» AMASNO( 37). CMRNO ( 37)»3MAio37o 
I 37)» SOLID ( 37)» ECHCK ( 37)» RK    110<») »3HAI0360 
(10*)» HDK   (ID»»)» THETAUdO«»)» TEMP  ( 16)»3MAI0390 

» MAXLM 3MAI0100 
i 3MAI0410 
5« •.3M*inH2o 

COMMON /CNTRL/ SCYCLE' JMULT      * ** ** *************3ii»iSI2u2 

EQUIVALENCE  (SU'EUITMF) 2»*loZ*n 
C             HYDRO SUB-CYCLE VERSION 9/25/63 •3MA10*7o 

IFtOLAN»<2 .6T.1.E-15)TPRINTSTH • BLANK2 

S IF («ARN«IHR)) 10» »00» 600 3MAI0490 
3MAI0570 
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IU IF (LKLMdV)) bUl> bZ0>   501 
bUl CONTKjUt 

CAUL AUTORZ 
520 IF(GM'j)&30>2ül'öJU 
tiO  CALL OtZOHL 
201 CONTIUUL 

«♦0 CALL lULLT 
TO=TU*l. 
IF(BLA(4K2 .LT. l.flb) GO TO 170 
IF(Tü •bT. FKEHI l»0 TO 171 
IFUPKINT .ST. TH+ UTHÜ) SO TO 
TPKINT= 1PH1NT ♦ ÜLANK2 
IFUH .6T. TPRIUT) bLAUK2 = 0. 
bO TO 171 

170 lF(AMOUlSOLIC(lü)tl.,FRtJl.bT. 
171 TU=0. 
100 CONTINUE 
•«••♦♦••••♦♦♦♦•»♦»♦♦»♦»♦♦•♦♦♦•♦••*♦♦•♦♦♦♦•♦*♦••*•♦•♦♦♦*♦♦♦*••♦••♦• 

' INTEtiKAL   SUH 

3MAI0S80 
3MAI0590 
3MAI0600 
3MAI06»0 
3MAr 0 
3MA.lt 30 
3MA10640 

100 

0.5'GO TO 100 

C^*********»*****»******-******************************************** 

2000 

2001 
2010 
2 OH 
202 

IF(PUbHA) 200Ü.2U1U.20U1 
lUO=lt)Ml 
GO TO 2010 
IBÜ s IA 
CONTINUE 
CALL HYUKO 
CALL PTMO 

C 
C SELECT bUOHCE 

IF (AüS(S6> .LT. l.E- 
CALL (iUE 

«0 

tf* 

Sä 

Ab 
«8 

lOS 

10* 

107 

108 

•«««3MAI0650 
•3MAI0660 

.♦«♦3MAI0670 

3MAI0720 
3MAI0730 
3MAI07H0 
3*IAI07b') 
3MAI0760 

20)  GO TO 80 

CONTINUE 
0THSUTH2 
2Pl(ltt>SDTH2 
2P1(1V)S0.0 
CONTINUE 
IF (AtiS(&2> .LT. l.t-20i  GO TO 88 
CHECK TO Stt IF KAUIATION NcEUS TO BE DONE ON CUHRENT SUBCYCLE 
IFITO.LT.O.b .0«. S0L^0<ld»*1.1.6T.CNTMAX)C0 TO 86 
IF (BLANK3-TH-UTH2-0TK»ZP1<18)) 86«68t88 
CALL HAOTN 
CONTINUE 
CALL tNCALC 
CALL ECALC 
NMAOSNRAO-1 
1FINNAO.LC.O.OH.I2P1(18>/OTK).LT.1.5) GO TO 110 
CALL   &SMTCH   (6*   K000FX) 
«0  TO   (106*   1071*   KO00FX 
SI   =   1.0106 
GO  TO 610 
CONTINUE 
IF   (HARNIIHH))   106'   »OS»   bOS 
2P1U(I>S2P1(18)«ÜTH 
2P1U9)S2P1(1VM1.0 

3MAI0950 
3MAI0960 
SNAI0990 
3MAI1000 
3MAI1010 
3HAI1020 

3MAU0S0 
3NAI1060 
3MAI1110 
3WAI1120 
3MAI1130 

3NAI1150 
3MAI1160 
9MAU170 
3NAIU80 
3MAU190 
SMAUtOO 
SMAUaiO 
SMAIIttO 
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_, -,. Htt 3MAI1230 
iiü  CONTlNUt 3MAI1^,♦'' 

FOKCt S»V TO BE COi.SISTENT WITH R ANU G 
00 111 l=IA.iuil 
SV(l)=UELTAR(I>/0(n 
IFHAi-PHA.Lvä.i) 00 TO 111 
TEMP(l)=K(l*l)*K(i) 
IFdALPHA.EQ.J) Tt^Pd ) = TEMP( 1 )»R( U1)*R( 1) »»S 
SV«n=SW(l)»TEMH(l) 

111 CONTIUUt 
SOLIU(^O) = ^'(IUü) 
BLANKH -  bLANKH ♦ SOLIÜlüö)»DTHg ,„..,,„ 

,o»   soLiüiiei=soLiuHö)*i.o SI5;}»?2 
COUNTsSOLlOdtt) SviTiiS 
THSTH^ÜTHÄ 3MAIX3Z0 

180  IF   «COUNT  - CNTMAX»   190»   301.   301 
190  IF«TH   .6T.   TMAX)   00  TO  3U1 

IF   UHS(bLANKl»   .LT,   0.1)     00  TO   195 
IF   UKOÜ(SOL10(lö)»   bLAtlKl)   .LT.   O.b)     CALL  WTApE 

19b  IF   (TU   .OT.   U.b)     00  TO 210 
CALL  HKINT 
IFOLANKl   .LT.   0.0»   CALL  *TAPE ,u.f.*o« 

aiO CALL  SSKTCHtb.KUUOPX) «uJJJunS 
»0  TUUMrbJ.KOOOPX ^.JtuiS 

250 SI  s  1.0250 SJllS! 

301  SI  =  1.0301 SSlJJS 
600 Si TO1;!"0 ^P* 
»Ob SI  S  l.OtoOb SHAI1H70 
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ötT FOK HTLHO/ÜUT» HYUKO/üUT» HYDRO/OUTl HtDROOlO 
SUBROUTliME HYDKO 

C    OUTPUT VtKSION OF HYUKO 
C    ütVELOHEÜ BY JIM HALMER 
CoMHIUEU SEPTtMBEK 1» 19»J7  hOL 

C USES RADIATION PRESSURE TEUSOK 
C HYOR0050 

c ,.♦*,♦♦.»♦*♦——— •*••♦ ♦*—— SWSMT! 
c 
c« 
c» 
c» 

c 
c 

I-1 
c 
c 
c 

COMMON 
1 
^ 
i 
H 
S 
b 
7 
Ö 

KMAX 
II 
IIP1 
FREü 
CVA 
EM INA 
RHOL 
RPIA 

SPUTTER       COMMON 

LMUA(37».   NR »   NSMLR   »   IA 
i   BLANKl.   üLA'IK2.   üLANK3.   IAPI 

COMMON 

16 l 
IGM1 • 
CNTNIAX» 
CVB » 
EMINÜ » 
RHOR t 
RPIli . 
TD 

NRAU  » BLANK«»» IAM1 
IALPHA. BLANKS. TH 
AR 
SLUti 
CA 
EPIO 
KPUIA 
TE 

ASMLR 
ALPHA 
CB 
EPS I 
RPOIB 
UTH2 

DTMAX1. DTMAX2. OTMAX3. ÜTR 
GAMA 
ROiA 
SH 
S12 
S2Ü 
ASQ 
UELR 

COMMON 
1  «• 
i     V 
i     X3 
4 SMLA 
5 EC 
b BIGB 
7 CHIH 
8 CRTPC 
COMMON 

1 FRLM 
a   iPi 
A    RL 
"♦  HF.*U 

MCRIT 
ROIAMii 
Sb    • 
S13   • 
EO   t 

SIGMAJ. AC 

PUSHA 
HVA 
GA 
RIA 
TPRINT 
DTH2P 
SWITCH 
AC03T»» 

ROIB 
Sb 
S14 
FO 

KOIDP1. GMS 

US2). 
( J7). 

KU 
P 
P2 
E 
C 
M 
SMLB 
ER 
CV 
CApAC 
bOFR 
TELM 

( 37)t'MLM 
( 37). IPZ 
(37). HHOK 
(12). MAXL 

(1S2). 
(XS2). 
(1S2). 
(XS2). 
(1S2). 
(1S2). 
(1S2). 

(Ib2). 
(1S2)' 
(1S2). 
(Ib2)» 
(lb2). 
(Ib2). 
(Ib2). 
(Ib2). 
(Ib2). 

S7 
SIS 
TAU 
VO 
PI 
Sv 
El 
D 
Xb 
SMLC 
SMLO 
BC 

S8 
» S16 
. ZERO 
(152)' 
(152). 
(152). 
(152)' 
(152)' 
(152). 
(152)' 
(152)* 
(152). 

IB 
IBP1 
IBMl 
TMAX 
PUSHB 
HVB 
GB 
RIB 
TA 
ÜTH1 
CO 
CNVRT 
SI 
S9 
S17 
R 

ICA 
1CAPI 
ICAM1 
HLANK6 
IIOILA 
HCA 
6L 
ROIA 
TB 
DTRMIN 
CMIN 
SUMRA 
S2 
SIC 
sie 

•HYDR0070 
«•HYDK0080 
•»HYDRO-90 
••HTDR9100 

ICB »HYüROllO 
ICBP1 ,HYrr(0120 
IC8M1 .HYDROISO 
DELPRT.HYDROmo 
BOILB .HYDROlbO 
HCB .HYOR0160 
6R .HYÜR0170 
RDIB .HYOROlao 
TC HYOR0190 
DTMAX .HYDR0200 
DELTA .HYDR0210 
SUMRB .HYDR0220 
S3 
Sll 
S19 

.HYOR0230 
»HYOR02<«0 
.HYOR02bO 

ROD 
PB 
RHO 
EK 
C 
X6 
SMLU 
SMLH 
OR 

(152). DELTAR(l52).HYüR0260 
(152). SHLR  (152).HYt)R0270 
(152). PB1  (152) HYDR0280 
(152). THETA (152).HYOR0290 

(152). CAPAR (152). CKTC 
(152). FEW 
(37). EKLM 
( 37). OLM 
( 37)» SOLID 
(lOi*). RDK 

• MAXLM 

(152)» CAR 
( 37)» ELM 

(152). A 
(152)» X2 
(152)» X7 
(152)» SMLE 
(152)» BI6A 
(152)» CHIC 
(152)» CRTR 
(1521. OKLM 

(152)»HYDR0300 
(152).HYOR0310 
(152)»HYDR0320 
(1S2)»HYDR0330 
(152)»HYDR034i) 
(152)»HYDRO»SO 
(152)»HYDR03«Q 
( 37) HYDR037!3 
( 37),HYOR0380 J: ,,   L-    ( 3T). FCLM 

( 37)» AMASNO( 3T)» CWNO ( 37)»HYDR0390 
( 37)» ECHCK ( 37)» RK   (10*).HYDRO*00 
(10«»)» THETAKdO«»)» TEMP  ( l*>'^DR°*|i2 

HYDR0120 
NfBMtat 

• •HYDAOMO 
.........♦.♦...••«••••••••••••••MTDR0H50 

HYOR0H60 
NVSM%Vt 
HYDR0<I80 
HVDMO«90 

IL = 1A 
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IH ■ IB 
CALL UVCHMKL/ITJ 
IAM1 s 1A-1 

C SH NEGATIVE CIVL'J JUMMT HtjKO 
IF(S«»)10>20t20 

10 IBM! = Ib-1 
Ü0 lb ISIA'IBMI 
C(l) s K(I) 

IS UELTAHU) = KdtD-Kd) 
ClIBJ = K(IU) 
60 TO 7U 

20 P(IB) s 0. 
«(IB) S u. 
HHO(Iu) = 0. 
SV(IB) = 0. 
IALPHA S ALPHA 
UO 90 ISIL'IK 
Cdl = K(I» 
IFUALPHA.EQ.3)(>0 TO 2b 
IF(I.L««Id)P(Iü> s 0. 
IF (I .NE. 1)  60 10 2J 
NOd)   = KOdl   - Pd)   /  6d)   •   Ad)   •  OTH1 
«0 TO 90 

29 ftOd)   s RDd)   ♦   (2.   •   <Hd-l>   - Pd»)   /   (6(1)   ♦  6d-l))   •  A(I))   • 
2 0TH1 
60 TO 90 

2b  IF   (I   .NE.   1)     60  TO  27 
RUd)   s  0. 
60 TO  90 

27 CONTINUE 
AAlS2.«A(I)«(Pd-l)-PdlM<>.-U.Rdn)-SMLr(d-U)/2.)/(GdUGd-in 
IF(ANlNl(KriO(I)>KHOddn.LT.   l.E-10)   60 TO 28 
IF   (AMlNKSMLRd)   /  HnOd).   SKLHd»l)   / HMO(I*1))   .LT.   $<») 

2 60 TO «a 
AA2S(A(I-l)«SMLKd-l)-A(I»l)*SMLNdn))/(C(I-I)«6d)) 
AA9  X   (RHOd)   -  SM-Rdll    •   (SV(I)   •   SVd-lD   /   (Cd)   •  CCD) 
ROd)   -• MUd)   ♦ DTH1   .   UAl   ♦   AA2   ♦  AA9) 
00 TO 90 

M CONTINUE 
IF(l.t6.l8»Pd>»» s 6. 
BB2SA(I)«(SMLHd-l)-SsLr(l»i))/(G(l)»&(I-il) 
M9«(RHO(I)-9.*&MLH(I))*(SV(I)>SV(I-l))/(C(I)«C(I)) 
M)(I)sflO(P*OTHl«(AAl«eb^*bt»9) 
CALL ÜVCHK(KP) 
IFIKP.LT. 2) XSMRU-KP) 

90 CONTINUE 
RdA) S R(IA)*HUdA)«OTH2 
DO SO IslA.IbMl . 
TEMPd) S DELTAi<(I)*(f(U(I*l)-R0(n)*0TH2 
m\*i) * Rd)«rcMfd) 
IF(Sia)«lf«2>0 

»1 *d» « 1. 
VOU) = MOd^D-ROd) 
•O TO SO 

M SI • T.I 
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CALL UNCLE 
*3 All) = i.*R(l)»Ra) 

CALL UVCHK(KPi 

IEuA;slAan^uIlH^«Mi.-ctn»»/»Kimi*PU»).LT.i.c-*»6o T 

l?ua» s »Tt^tu^iHtiMiMHiun^HUi'^n^ami-otLTAPdJMcn^i 
ii»(ctm»*c»n»*cm»c(nM/0TH2 

«b So«n sU<K<i»n*H»in»*K«u.(Hii»i>*RCi»n»iRü<in»-«o(n) 
bO  OtLTAMl»   =  Tt«»»!» 

A(IH)   =  ALPHA»t<ao»»»ULf»MA-l.» 
CALL UVCHK(KP) 
iFJKP .6T. 1) <i« TO 70 
Sl=7.U» 
XS-l. 
XSSORriXI 
CALL UNCLL 

TO CONTI.^UL 
MNMn 
wm 
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0 T FOM tCA-C/OuT. LCAUC/OUT« CC«LC/OUTl 
C*    OüfPUf «£.M&I0.4 Of   LLALC 

iUBMOjII .£ CCALC 

c 
c 
c 
c 
c 
c 
c 
c 

HCCOOtU   JT   J   PHAtftM»    1A   APMIL   1967 
COMPIwlU   j«»Nt   Ji   IV60 

CJMPIteU   t   NOV   19«>b 
I «CLUuti   IMUfMATLU  FkU*   TM«U   SM   Su-'f »Ct 

t   FMU4tl9)    •. 

ECACOOIO 

ECAL0020 
CCAuOOSo 
ECACOOno 
CCAtOObO 
CCALOOfcO 
ECAU0070 

.0080 
c 
c. 
c 
c. 

SPUTIEK   COMMON 

COM*Ot4 

c 
c 

i 
I 
i 
H 

b 
7 
a 

KMAA 
II 
il-i 
FHtU 
CVA 
EM INA 
WMUL 
RPIA 

COMMON 
1 OTMAX1 
2 GAMA 
*        HOiA 
«>  S«i 
»  si. 
6 &2U 
7 AS« 
6  UEUK 
COMMON 

I      « 
V 
X3 
SMLM 

EC 
BIOU 
CHIrt 
CRTPC 

COMMON 
I     FRLM 
a   zpi 

»  MEAL) 

f ItLANKl» 
• 16   * 

16MI * 
CNTMAA« 
CVit ) 
EMI'Ai « 
KHON • 
MP1U • 
Tb • 
UTMAX2» 
■c«n . 
ROlAMlt 
S5   * 
&14  i 
EO 

« 
5 
b 
7 
8 

( 37)» 

IIMIf 
(152). 
(1&2)» 
(lb2)» 
(lb2)> 
llbi). 
(152)> 
(1S2)> 

37». 
37». 
37». 
12». 

KU 

P2 
E 
0 

bMLU 
EH 
CV 
CAPAC 
SOFK 
TELM 
MLM 
IP* 
RHOK 
MAXL 

r." • 
b4.Allt(2' 
NMAO . 
lALP^iA. 
AH * 
S4.UO t 
CA i 
tPIO . 
HPOIA . 
TE i 
OTMAX3« 
SIG^AQ. 
HOIU . 
So • 
S1H 
FO    • 

1162». 
(Ib2). 
(Ib2». 
(Ib2). 
(Ib2». 
(Ib2». 
(Ib2». 
(152». 
(Ib2). 
(Ib2>. 
(152». 
( 37». 
( 37». 
( 37». 
(lixt). 

NSMCH . 

M.ANK«» 
UCANKb. 
ASMLH . 
ALPHA . 
CB * 
EPS I . 
HPDIB . 
UTM2 • 
UTR - 
AC • 
KOIUP1. 
S7 » 
SIS • 
TAU   - 
WL) 
PI 
Sv 
El 
Ü 
X5 
SMLC 
SMLQ 
ec 
CAPAH ( 
FEN ( 
EKCM ( 
QLM ( 
SOLID ( 
ROK ( 
MAXLM 

U 
IAP1 
1AM1 
TH 
PUSKA 
MVA 
C* 
RIA 
TPRIMT 

ÜTM2P 
SklTCH 
AC03T* 
GMS 
se 
S16 
ZERO 
152». 
152»' 
152»' 
152»' 
152»' 
152)' 
152». 
152»' 
1S2)' 
152)' 
152». 
37». 
37». 
37». 
104». 

IB 
IBP1 
IBM1 
TMAX 
PUSH8 
HVH 
«6 
RIB 
TA 
OTHl 
CO 
CNVRT 
SI 
S9 
S17 
H 

ICA 
ICAP1 
K*M 
BLANK6 
BOILA 
HCA 
OL 
HOIA 
TB 
OTRMlN 
CMIN 
SUMRA 
S2 
SIO 
SIS 

RUD 
PB 
RMO 
E* 
C 
xb 
SMLO 
SMLM 
BH 
CRTC 
CAH 
ELM 
AMASNO( 
ECHCK ( 
THETAK( 

•ECAL0090 
••ECAL0100 
••ECAL0110 
••ECAL0120 
.ECAL0130 

ICBP1 .ECALOUo 
1CBM1 .ECALOlbO 
CELPHT.ECAL0160 
BOILB .ECAL0170 

.ECALOtSO 

.ECAL0190 

.ECAL0200 
ECAL0210 

OTMAX .ECAL0220 
DELTA .ECAL0230 
SUMRB .ECAL02«o 

ECAL02bO 
ECAL02bO 
ECAL0270 

ICB 

HCB 
GH 
ROIB 
TC 

S3 
Sll 
S19 

152». OELTAR(152».ECAL0280 
152). SMLR (152).ECAL02?0 
152). PB1 (152» ECAL0300 
152). THETA (152».ECAL03lo 
152). A (152».ECAL0320 
152». X2 (152)'ECAL0330 
152»' X7 (152).ECAL03<«0 
152). OMLE (152).ECAL03bO 
152). BI6A (152).ECAL0360 
152). CHIC U52).ECAL0370 
152». CRTR (152».ECAL03eo 
152». OKLM ( 37) ECAL0390 
37). FCLM ( 37).ECAL0«00 
37». CHRNO ( 37».ECAL0H10 
37» 

lO««». 
RK 
TEMP 

(10i»).ECALO<»20 
( 16).ECAL0<»30 

ECAL0940 
ECAL0450 

• .ECALO<*bO 
.••••«•ECAL0470 

ECAL0480 
EQUIVALENCE (LMUA(2<»). lUB) 
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fc«igi*<a^..«ct    ifCLM. then CCALO»«O 

5 ec*t050o c 
IF   IKAMAI   I*   >'   5 

1 IC * tk 

IF   ICHlNA - tlUCbHtil   2*   2'   10 
2 if   '1CU -  lb)   i'   i>   10 
i   ICb-l   =   ICb 

ICü :   ICoHl 
ICb^l  =   ICb   ♦   i 
CAUL  LOS   aCo-'li 
M)  TO   1Ü 

ft IC s U 
FKUMtiai   s FhLMIlttt   ♦  Ul«*X2(I(ll 
IF   HFlki   HuiitAI   .tu.   0)     60  TO  10 
IF   l&S>   10.b.   1U 

o   IF   (CHINA   .6T.   tKICAM   aü   10   10 
IF   (ICA   .t«.   1)   00  TO   10 
ICAPI   s   ICA 
ICA  s  KAMI 
KAMI  s   KA  -  I 
CALL   LU&   CICA) 

10  COMIlA*. 
00   IbU  J  s   1'   MAAL 
CLMU)   S  0. 
IL   =  UMOA(J) 
NVA»'  S   0 
IF   (IL   .<»fc.   IA   .AtU*.   IL   .LE.   IBI     NVAP  S   I 
IF   (J   .CU.   MAXLI     00  TO   lib 
IK   =   LMUMJ^I)   -   I 
UO   110   I   S   IL«   IN 
LLM(J)   s eLM(JI   ♦  G(|)«L(I) 
IF   (IFIX(&2>   •!«•   0)     00  TO   105 
TLMF(I)   s  DCLTAHd) 
IF   (S10)   10«*   1UJ>   10^ -.   , 

102   T£MH(I»   s  TEMPdl   •   O.   •  F(I)   •   (HCII   ♦  TEMPdd   ♦  TEM*»(l)..2) 
60  TO   10H 

ioi  TLMPd»   s   TEWMH»(i.«Kd)   ♦   TEMf»(l)J 
10* ERLMCJ?   S ERLM(J>   ♦ HHOd)   •  TEMHd» 

IF   (ir'»(S2»   .'iE.   J)     60  TO  IDS 
ELMU)   s tLM(J>   ♦ KH0(H   •  TEHPd» 

105   IF   (IMX(S6I    .tQ.   0)   60   TO   110 
OLM(J)   =   uLM(J)   ♦   SMLQtlXDIH 

110  CONTINUE 
II»   IM S   IL 

XMM1  S   IM  "  I 
IF   (NWAP   .NE.   1»   60  TO   170 
FRLM(J)   s FRLM(J»   ♦  0TR»X2dM) 
IF   (IM   .EO.   I>   60  TO   ISO 
OX   :   6dM) 
IF   dFIX(bOlLA)   .£0.   0   .OR.   IM   .NE.   ICI     60  TO   160 
6X  S  S0LI0(2'»)*6d0B> 

IS2   IF   (PUSHA)   160»   loO»   155 
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60  TO  1*0 
IbU   -LKIJ»   S   .LMIJI    ♦   IHIIttHl)«!,«   •   PIlM}«6(IKM1)l*R0lIM|•OTR/lfiX   ♦ 

1  «»(I**ll))«A(lM) 
«0  TO  160 

170   If   1SJ)   lau»   17b«   loo 
17b  IF   ll».  .»*.   1A   .Ar<U.   I««   .lit.   10)  PkLMUl   r FCLMIJ)   ♦ DTP*|I7(IM)   - 

1   üeLTA*UClM)«Xb(IM)   -   k(lHMli*X6(l»())| 
160  CuNTlitV*. 

IF   (IFIXI&UMMA)   •CO.OI   bJ  TO 200 
UO   1«0   I   S   U.   IHMl 

ivo KOO»I» s ROOIII ♦ tKii)«(bV(i)«H(ii ♦ Etn ♦ (PO(n«Ro<ii ♦ 
1 HÜ«I*1)»R0(1*1I)/'«.)., 1 - 

200 fHLM(lv) S FKL^HV) ♦ üTH«X^(f|H) 
^(1&2) S tMAXllPllb^)» !>OtlJI2e)) 

?*£*" CCAL1110 tNÜ ECAL1120 

122 



AFWL-TR-67-131     Vcl III 

W.T  FOM  iOV/uUT.   tCS/UUT.   (.OS/JUTi 
SUUA&Wlli«.  COSIJW) 
(KftPUT   VLhSlOti OF  tM  — CHANGCS  TO USC  TML  RADIATION PRCSfeMC 

»Ltm-Aftü   if.   tut  SCATTtXlUb  Ti<Af4*POM  COCC 
^M'lLEü      St.Hll.»'btK    1*    1V»7      »Jt. 

COMPILiU  fib.   lb. l^t,7   Hi   SCutAUO 
iNCLU/tS  SHtCIAL   StC110(>  FO«   «-HAT   SOURCL   «OOTIf« 

IMAT   HANUCfc* UCPOSIIIOU  I.* VUtTI   ECEMCHT   MATfftlALS 
COMf>li.tU  ON MAT   41 • 1966   MjUINO   Ttfl   ON NONtO OPTIO».  BiFOfte 

1AK1N6  »>ATH   K«A 
COHP1U.U MAT   lit   1V66     t<T   6.   A.   tA'C 
COM^IU-U  MAT   IJ.    1V6S.      ***.      TARtS   AOtfANT*(.t   OF   NCk   PATH   |-S,i    tN 
tlONX. 

COMPIUO ON HAHCH   31 «1966     AOUlNO  COMMON FOR  NPAR (6EI 
COS 0030 

EOS 00*0 

SPUTTtM   COMMON 

KMAX 
11 
IIP1 
FHta 
CVA 
CMINA 
MhOL 
«MA 

COMMON 
OTMAXl 
GAMA 
ROIA 
M 
S12 
S2u 

ASU 
UELK 

COMMON 
i 
V 
X3 
SMLA 
EC 
Blob 
CHlh 
CRTPC ( 

COMMON 
FRtM  ( 
iPi     i 
RL    ( 
HEAD  ( 

LMUAIJ/t* NH 
bLAlMlt bLA i*l 
16 M«AU 

lAUPH» 
CM MAX* AK 
CVb 
EMl.St* 
KHUN 

TU 

stuo 
CA 
LPIU 
NPUU 
TE 

UTMAX2« OTMAX3 
■CNir i SIO^AJ 
KUlAMl» KOIH 
ab 
S13  i 
EO   i 

1521« HO 
37». P 

P2 
t 152)« 

lb2). 
152)* X* 
1S2I> SMtU 
Ibi). ER 
lb«:)- CV 
152)* CAPAC 
1S2I* OOFR 

TELM 
37)» «LM 
37)« ZP2 
37)* HHOK 
12)' MAXL 

So 
SI« 
FO 

(1S2 
(1S2 
UU 
(1!>2 
(152 
(152 
(152 
(152 
(152 
(152 
(152 
( 37 
( 37 
( 37 
(10* 

KSM.K 
bLAIItO 
»LAW. 
uLArM5 
MSMLM 
ALPHA 
CB 
cPSI 
KPOIb 
üT»l2 
UTR 
AC 
ROIBP1 
S7 
515 
TAU 
VO 
PI 
5V 
El 
D 
X5 
5MLC 
SMLU 
DC 
CAPAR 
FE» 
EKLM 
OLM 
SOLID 
KOK 
MAXLM 

IA 
IAP1 
1AM1 
TH 
PUSHA 
MVA 
M 
RIA 
THR1NT 
UTM2P 
SWITCH 
AC03r<* 
OHS 
S0 
S16 
2ER0 
1152) 
(1521 
(152) 
(152) 
(152) 
(152) 
(152) 
1152) 
(152) 
(152) 
(152) 
( 37) 
I 37) 
( 37) 
(10*) 

IB 
1BP1 
1BMI 
TMAX 
PUSHU 
HVB 
*B 
RIR 
TA 
UTH1 
CO 
CNVRT 
SI 
59 
S17 
H 

ROU 
PB 
RHO 
EK 
C 
X6 
SMLÜ 
SMLH 
B« 
CKTC 
CAR 
ELM 
AMASNO( 
ECHCK ( 
THETAK( 

ICA 
ICAP1 
ICAM1 
hli'.'b 
ROILA 
HCA 
GL 
HOIA 
TB 
OTRMlfj 
CMIH 
SW-RA 
S2 
S10 
sie 

152) 
152) 
152) 
152) 
152> 
152) 
152) 
152) 
152) 
152) 
152) 
152) 
37) 
37) 
37) 

10*> 

M 
ICB 
ICBP1 
ICRMl 
OELPRT 
dOlLu 
HCB 
OR 
ROIB 
TC 
DTMAX 
DELTA 
SUMRU 
S3 
Sll 
S19 

0ELTAR(152) 
SVLIX     (152) 
PBl   (152) 
THETA (152) 
A 
X2 
X7 
SMLE 
OIGA 
CHIC 
CRTR 
OKLM 
FCLM 

(152) 
(152) 
(152) 
(152) 
(152) 
(152) 
(152) 
( 37) 
( 37) 

CHRNO ( 37) 
RK (10*) 
TEMP  ( 16) 
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c. 
c 

• • 

C0««MOM/LMS/ LlUM<20l 

tUUlVMlEllCf itlO.   Lit l*^t<W4l 
CvmOn/L*<*./*AU r    .   L'.»! r,V.AFU.a.Ji.n.I'»,I5.l6,17,If».I9,IiO.Jl, 

t     J2»J3«j4i«Jb* 
DATA MATtHL'IU     r»bNAFwt11112»13«I«.I5>16«17«18»19»110»Jl.J2>JJ« 

<     J«»J9»J6»J7/2*w»a.»lT«t./ 
t&UlV*Lk«;t   (L»MA|tMLi 
fcWUlVALL ,Ct    (b -*'0.f AT.l 
C0««<K; XMSC/  H(;l» 
UiMChS.'ON  itb:      ^.   T(    »I 
e4uivALeNce(»'(i>»>K)LMf4n» (M(2)»Z(2))»(MI3I»PART(3)I 

etfuivAU.HCL(iL>«b'iS)»a<:iUAO i 
IHUIVALCNCL (TL'^i lb) »U/Ü fHl) 

COMMO^/CMTKt/lCTCL* »JMULT S   I   70 
COMMOU/bt/NUAR 
HtAL   KtJAK 
NbARs 1. 
1F(SCH.IUH«».J..S.TCL    )    ZIOSO 

U a M - a 
NX  s  1 
If   «PUSHA»    *03»2»302 

302 IF   (1  -   i.Ml»   1.1,2 
303 U   =  KM 

NX  S  -1 
IF   II   -   Hi*   2*i»l 

1 E(I)sCVA*ITHtTAil)-.025) 
CV(I)SCVA 
PBKDSO.O 
PKDSO.O 
00  TO bOO 

2 CONTlNUt 
00 100 JBll MAXLM 
IF (I-LMüA;J*1)I b'O-o 

» SOUO(20)sI 
S0LIU(21)sl 
SOL 10(221 s«t 

C 
IF (ÜKLM(J) .Cu. 0. ) 00 TO i» 

C     MATERIAL NWüEK OF ZfcRO LEAuS TO AN ERROK EXIT 
IF (INKOKf'J) ) .tO.O) oO TO 1 

C     MATERIAL NUMdf.  LESS» THAU ZERO AND GREATER THAN -I OR GREATER 
C        THAN ZERO ANU LESS THAN ONE WILL BYPASS ALL EQUATIONS OF STATE. 

IF (OKLM(JI) 3»t»57 
3 L= .b-OKLM(J) 

ERORs     -2. 
«0 TO S8 

* CONTINUE 

EOS 1120 
EOS 1130 
EOS 1U0 
EOS 1150 

EOS 1170 
EOS USO 
EOS 1190 
EOS 1200 
EOS 1210 
EOS 1220 
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c 
c 

M«UMi«t.  llUMUt*   Of   ZCHC   w£*uS   TO  *N  £R«OH  EXIT 
SI  s «.000« 
'ALL  UNCLE 
OKLMIJ) NOT PMOftKH EnTtKCj IN IMHUT 

b7 La       .&*iiKL4(J) 
LHORs     0« 
If   II1-IX)*IU.&T.U .A«U. ^Hi(2fe».fit.O.» tHOH r -3,0 

M (.vNTU.Ut _  . 
IP   (L.Lt^OJ O«.L.0t.J0l.»flO.L.U..*00) 60 TO 7 

If   it   .tu.  oo .*(«&. S-LAII) .CT. «MORI 00 TO 10 
TO AVOlU •tlOUX*» ^c.1 ^'CH .LO. I.t36. 

60 TO 5 

THIS HAIH If OKLMCJ) .Lt. 206. FORCES »EIONX« IF *N0 O»«-» IF 
TtWtKATüKt Üf £UX   AT STAPT OF CYCLE .OT. HHOR. 
L S 102 
60 TO 7 

2i COmiUOL „ , 
THIS PATH IF OKLMCJ» .LO. Iü2. FORCES «ESa» IF AM) 0»«.Y IF 
TEMPtKATUKt Of £01*.   Al START OF CYCLE .LE. HHOP. 
L s 2b8 
60 TO 6 

7 CONTlNUt 
IF <L .EO. 162 .Al^i. S^LAJI) .UE. «HORJ 60 TO 23 
TO AVOID •ESb« SET NMOH .EO. -l.ti». 

IF(L.t0.10l.OR.L.fci.lÜ^.OR.L.t0.6.0R.L.eo,306» ElOfi« 1«»)=RIA 
IFIEHUK.EO. (-3.0)1 2bAH ■ FClllII 
IF <OKLM(J) .01. 100.) OU TO 60 
CALL tIONMS«THtTAn).SV(I).L»EROR) 
60 TO 61 

60 CALL EIOHX (TMLTA(I).SV«I).L»tROK) 
61 COHTIKUE 

IF (L.ee.aoi .AMO. L .LE. 300 i GO TO 9 
NUARs     eiOiill7) 
IF (SID S6*b2'Sl 

b2 IF «EHOR)  b3.S<*»br> 
5S •&&■ EKOH ♦ 100. * FLOAT(I) 

60 TO P". 
si :F «EKJH)  53»S«»»S«» 
S3 Uia EMUR-FLOAT(I)*lüO. 

S<* CONTINUE 

IF (ElONdt) .EO. 0. ) 60 TO 901 
Sis       eiOri(l<t) 
CALL UNCLE 
EIONllH) IS SET EQUAL TO ZERO BY ANY VALID EXIT 

• 

901 CONTINUE 
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'HI!   t  tlOhtTI 
EU)   s CIOM«) 
IF   ((I>Ik)«»a.GT.O   .AUb.   IVHiti.ilL.O.t   00   TO 209 
CVm   * tlON(9t 
«Mti» : uu.un 
ft»m s tiou(j» 
Pbllll  s tI0«.Uu» 
IF   (Mlt.LO.O.)   «0  Tu   IW 
if   IS*lil.6C.SM.lti<17ll   wO   TO   199 
PUII   s PKlt   •  i.C12*IS«^.lull7l/SVin-l.l*«2 
A«1UJ   *   SOHTtA!>ü(l)..?«4>.tl2.SOLIUll7).ISOLiril7l/    ,( I I-.. , , 
»0 TO  19V 
CMTiNUC 

9 COKTINUC 
LS       L-20U 
•o TO m.u,u.kH.u.it,.n.in,i9.2v.2i.<?) •L 

11 CALL LSI 
•0 TO iOv 

12 CALL CM 
60 TO 200 

IS CALL L%A 
60 To ^Oü 

1« CALL Ef« 
60 TO 200 

1» CALL LSb 
60 TO 20Ü 

16 CALL LSto 
60 TO 200 

17 CALL Lb? 
60 TO 200 

IS CALL cSO 
60 Tu 200 

19 CALL L!>9 
60 TO 200 

20 CALL LSIO 
60 TO 200 

21 CALL CSU 
60 TO 200 

22 CALL fcS12 
60 TO 200 

6 CONTINUE 
100 CONTINUE 

C    ASO IS SPEED OF SuUUU 
200 ASJd) = S0KT(.2b«0AMA*Pl(I»*SV(I)l 
199 IF   (IFIX(S2> .CU. i)     60 TO HO* 

60 TO ISO 
HO*  Pill) s RHO(I> • U.333333J • PKI) 

60 TO «00 
ISO 1F(RPIA)<»00»201''*0U 
201 TEMP(l)sTHET«(I)*«(t 

PltI)sPl(l»*.b*(SMLK(Ii*iMLi<(l»X)) 
Pttl(I)S137.0«TEMP(ll»PBl(I) 
eil)sE(I)«137.0*TEMP(l)*bt/(I) 
CV(I)sCV(I)^S<*Ö.O*TtHP(l)/THETA(I)«SV(I) 

COS 12*0 
COS 1260 
COS 1260 
COS 1270 
COS 12SO 
COS 1290 
COS 1900 
COS 1310 
COS 1320 
COS 1330 
COS 13<t0 
COS 13b0 
COS 13<S0 
COS 1370 
COS 1380 
COS 1390 
COS  U00 
cos mo 
COS 1*20 
COS 1«30 
COS 1**0 
COS l<t50 
COS I960 
COS 1970 
COS 1980 
COS 1990 
COS 1500 

COS 1520 

COS 1590 
COS 1550 
COS 1560 

9Ü0   IF   (S9.NE.0.)   uü   TO  *0l 
IF   <EChCMJ»17l.t«.0.»   ECHCK(J*17)   =  HVA   ♦   HCA   -   1.5   *   AMASNO(J) 

1 •(HCA/CVA«.025)*(l./rmAR   ♦   FCM(I)) 
901  Cdi   ■  HI)   ♦  CCHC*(J417) 
500  KF.TURH 

EN0 EOS  1580 
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J ILjypii 

9,   fOH  MAO/iM.«   KAÜ/bt.«   H*Ü/UL1 
MURdüTlr«     RAO 

CnMPILCU     OCIOuCK  9«   IVo?     «DL 
COMPTOli  SCAfTtKlMi   «IfM  UPTlUtl  FOM   TMOHSON   SCATTtSp.O 
C UTiiFlcU  KAUUriO?« CuOfc  — PtWlt   OB  bP^tiUCAi.   T«»fiSPOBT 
C OirFUjlON   1H PlANL»   CV4.1.APICAL»   OM   SPHCxlCAL   GCO^TRT 
CA«eAT.     "IAIUKL   Of   »MAUiPOMT   A.A)  OIFFUSiOt*   IM CTL.   6Ea*CTRT   PHOMIHITLD, 

PHiJ       (,0 

C. 
c 

i   P   U   T   T   ».   K        COMMON 

COMMOt« 
1        KMAA 

II 
IIP1 
FRtO 
CVA 
e*4iNA 
HHOL 
RPU 

COMMOI4 
1   OTMAX 
d.       OAMA 
i       ROXA 

»  S12 
0 S2U 
7  ASO 
ö  UCLK 
COMMON 

1 M 
V u 
SMLA 
EC 
ÜI6ü 
CHIH 
CRT PC 

COMMON 
1 FRLM 
2 ZP1 
A      KL 
4 HCAO 

LMUA(J7) 
• ULAfMl 
• I« 
< ItMl 
• CNTHAA 
• Cvd 
• t.-; ■ • 

• MHOH 
• HP lb 

TU 
UTMAX2 

• «CHIT 
l   rIOlAMI 

» SI3 
• eo 

( JT). 

i. 

Uä2)> 
llbi). 
(Ib2)> 
(lb2)* 
(152l> 
(lb2). 
(Ib2). 
(152)> 

37). 
371» 
37). 
12). 

Ha 
P 
P2 
£ 

x<* 
SMtU 
LH 
CV 
CAPAC 
(>OFH 
TELM 
•LM 
2P2 
HHOK 
MAXU 

Li-i ■' . • 

UHAO  . 
IALPHA. 
AH    . 
SCUC  . 
CA    * 
fcPIO  . 
RPOIA . 
IE    • 
UTMAX3. 
SI&MAJ. 
KOIU  . 
St>   * 
SI*»  . 
FO » 

(lb.;) 
(Ii>2) 
(I*>2) 
(lb«;) 
(Ib2) 
(lb2) 
(lb2) 
(I£2) 
(I!>2) 
(lb2) 
I lb.'I 
( 37) 
( 37) 
( 37) 
(104) 

.IS-LH 
tM.ANK3 
dLANK« 

AbMtR 
ALPHA 
at 
EPS I 
rtPDlb 
UTH2 
UTR 
AC 
KOIbPI 
S7 
Sib 
TAU 
WÜ 
PI 
SV 
tl 
D 
Xb 
SMtC 
SMLO ( 
DC < 
CAPAR ( 
FEh I 
EKLM ( 
OLM ( 
SOLIÜ I 
RQK ( 
MAXLM 

IA 
IAPI 
IAMI 
TM 
PUSHA 
HVA 
OA 
HIA 
TPHINT 
0TM2P 
SalTCH 
AC03T<» 
CMS 
S6 
SI6 
ZERO 
Ib2) 
Ib2) 
Ib2> 
lb2) 
152) 
lb2) 
152) 
152) 
152) 
152) 
152) 
37) 
37) 
37) 

IQi») 

IB 
XBPI 
IBMl 
TMAX 
PUSIUJ 

-IVH 

6B 
HIB 
TA 
OTHI 
CO 
CNVRT 
SI 
S9 
SI7 
H 

«uu 
Pfl 
RHO 
E» 
C 
X6 
SMLO 
SMLH 
BR 
CHTC 
CAR 
ELM 
AMASNO( 
ECHCK ( 
THtTAM 

S 
s 

152) 
152) 
152) 
152) 
152) 
152) 
152) 
152) 
152) 
152) 
152) 
152) 
37) 
37) 
37) 

10<*) 

ICA 
ICAPI 
KAMI 
tM.ANK6 
(IOILA 
HCA 
•L 
RDIA 
TB 
DTRMlN 
CMIfJ 
SUM« A 
S2 

0 
s 

••PRAO 70 
•PRAO SO 

ICB .PRAO 90 
ICBP1 «PMAJ 100 
ICBMI .PRAO 110 
OCLPHT.PRAO I2P 
BOILB .PRAU 130 
HCB .PRAO t«*0 
«R .PRAO ISO 
R0I8 .PRAO 160 
TC PRAO 170 
OTMAX .PRAO 160 
OELTA .PRAO 190 
SuMRd .PRAO 200 

.PRAO 210 

.PMAO 220 
•PRAO 230 

S3 
SII 
SI9 

OELTAR(Ib2).PfiAü 2<.o 
SMLM I152).PHA0 250 
P8I (152) PRAO 2b0 
THCTA   (IS2>.PHA0  270 
A 
X2 
X7 

SMLE 
RIGA 
CHIC 
CRTR 
OKLM 
FCLM 
CHRNO 
RK 
TEMP 

(152).PRAO 260 
(152).PRAO 290 
(152).PRAO 300 
(152).PMAO 310 
(152).PRAO 320 
'152).PRAO 330 
(152).PRAO 3*0 
( 37) PRAO 350 
( 37).PRAO 360 
( ST),PRAj 370 
(I04).PRAO 380 
( 16).PRAO 390 

PRAO «too 
«•PRAO <»10 

......Ph*D »20 
•«60 
<»70 

COMMON /LINULT/ HHU.SGMl..IHNU.NHNU'HNUP.NT.IM.IN.DMNU.THICK.NV 
COMMON /CNTRL/ SCTCLE. JHUCT 
COMMON /OAVIS/  X(<»000). ICx. ICY 
COMMON /PALMER/ Flü(lb2). FU(lb2)» FI2(152). 

2 FQ1(IS2>. F02(lb2). F03(lb2). JORUM 
COMMON /JIM/ NN. FMU. Nil R2. HO. EST. II» 12» 

2 ^S» LOF» LRI» I2N» T61» TG2. F2 

PRAD 
PRAO 

FI3(152). FO0(I52). 

6MP. Al. A3. FMUS. 

PRAO 500 

DIMENSION 
1 H3    dl» 

CSQU 
H4 

(1)» 
(1)» 

PR 
FMS 

(I)» 
(1)» 

FM ID. 
(I»» 

H 
TG 

(1). 
(I). 

H2 
(53 

(1). 
(I). 
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*  «37 tit. uio 11 . *\M**   tl). VUMI3 (1 • SUN«% Ut. Xfl Ilt.P 5S0 
i f (il* 12 (11. UA 111- FL (11 • TR Hl. FSM ID.P 
« fiP til P c P »70 
£auu*a.).a (ACsjTiMThMK»'« IBC • SUMX«»!. <ÜI6A • t I.P 580 

Ibltai * M )• u ■ .H3 i . (CAR • 037 (CHIC .Su-xJI^P 5«>0 
(CHIH • bid )• (C»TR .SUM*2J. (X7 »PR (60FR • 03 »•P 600 
I pe • 01 ». (Si^ .EUITMFI. (EC »H2 (  « • OX I.P 
(WCA .»■^i >• (S4LU •Ft 1* (SMLC • TR (SMLH • H« UP 
(CM • FM ». IV • TO i . (SMLO • FSM (CRTC .CS30 I.P 

C *• 
(A» 

''###40 
*rrf !• (AH • X8 

• - • • • 
1« 

• • • • • 
(&MLE • FSP P 

v#* • • • • ♦ i «•• ( •••••• • • • • • •••P 
•P 

660 
67o 

Ok CONTAINS X t-Hw)M TH£ ^tVIOUi T LINE .P 680 
.P 690 

CSOti SAME »s CRTC .P 700 
LUITxlF SAME *s S12 .P 710 
Ml SAX A'j Pb .P 
FM SAME AS ER .P 
M SAr4E A-, BIGb .P 760 
M2 SAME AS EC tß 
M3 SAME Ai BR ,P 760 
HH SAME AS SMLM ,P 770 
M SAME AS X7 .P 
FUS SAME AS SMLA .P 
n. SAME AS SMLU • P 
TH SAME -S SMLC • P 
FS« SAME AS SMLÜ • P 
FSP SAME AS SMLE • P 
T2 iAME AS X5 »P 
OX SAME AS ■ • P 

c TO :>A4E AS V .P 
c 03 SAME AS GOFH • P 030 

i 037 SAME AS CAR • P 8*0 
038 SAME AS CHIR »P •so c &UMX2 SAME AS CRTR .P 860 

c SUMXJ SAME AS CHIC .P «7o c SUMX<« SAME AS DC • P 880 
c TKObG SAX A5 AC03TM • P . 090 
c T SAME AS BIGA •P «10 c X8 SAME AS X« •P 
c •P »60 
c*«« ••••••.. •••••i ••*••••■ »••••« • •••« • • • • • t • •• • #•• »•••PRAU 800 
c PRAO 890 c SOLIU(J7) ;s THt SCATTEHIUG COEFFICIENT P 
c SOLIUUb) I& THE COMPTON SWITCH. ^ERO. COMPTON» NONZERO. THOMSOfi.P 
c MO. flit   fig • fli' FHEQULNCY-OEHENUENT SCATTERING SOURCES. 
c READ IN FROM DRUM, ALTtHNATELY FROW LOGICAL UfJlTS 25 AND 26 • 
c RECIPKOCAU ELtCTKON REST ENtRGT IN EW«»-l IS 1.95692E-6 

IDMX = <*000 
T«» s i » 
TAX s A8S(S0t.IU(i7t) • l.9bo92t-b 
If   (ABSliOLILUon .GT. I.E -20» TAX = 0. 
JORUMI s SX - JUHUM 
REMINO JOKUM 
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c 
c 
c 

Kt.lJJU   JUKUM1 
tmfmta 
IMPtSiM«! 
110*1 Sit«-i 
CALL  UVCHK   (fcOuUfÄ) 
CALL, UVCKiM 
If   U^Hl-lN)   iU»i»>»«»0 

NO   ViPO<<   ZONtS 

iU   «ill-PH    S   l.Üi«»iLl2   •   «JI^U    •    (TMCT*(IM»»»« 
ytllMia-AailMHll 
dO   TO   1^0 

%0   TMt» -.   S   .02b 
OU  10U   l-l'.'l* 

TMeT»(i»«pii*«*) 

c 
c 
c 

StT   OH  FOH  KAHHA   IfJTEHHOCAT ION 

eiitlSlHtTAdl««« 
037(;iSALOO(THt.TA(l)) 
Jitti iCALOOtivl 1) 1 
FKSiii = Ab&(&0(.iüO7n • o.b / sv»n 
csaoti) ■ c(ii**2 
If   (THtTAIll   .ftT.   fMTÄMXI      THT*M«   =   TMtTAdl 

100 CONTluuc .     ... 
If   (THTAMX   .LI.   TMtTAtlKFll»      TMtAUK  S   TMCTAU* 
IF   11(^1   .OT.   Ü   .ANU.   TMTAHA   .LT.    fMtTAdNMD) 
If   (THTAMA   .LT.   0.0b     .**).  OL   .LT.   1.-3Ü   .AND. 

2  OU   IU   132U 
CSOOUMPli   =   CU^'ll.^ 
If   UuS»iOLXü(J/n   .*T.   l.t-20)      IM  s   IM 
1HNUS0 
CALL  KAPPA(IN.IMI 

NIN1«WM  HAÜI*TIJN   TI*t   STCP 

00   1C1   isl.NAXLM 
101 «SdSASb^LLM^n 

OTRlsl.ilO 
OTK2sl.tlO 
00  107   UINtlM 
If   JAI«INl(CAPAC«n»CAPAK(|H.GT.O.<   00   TO   102 
S1S19.0102 
CALL UNCLfc 
If   (AdStSOLlUdU)) 
TtMP<l)=CA('Ah(I» 
TfcMP(3)SCAHAM(ll 
00   TO   10A 
TLMP(1)SCAPAC(11 
TENPUISCAPACU» 
If   JTHtTAa».LT..ü01)   00   TO   107 
Hilt   s   .»•TtMP(ll/b¥(II*D£LTAR(I) 
TLMPdlsl.tlO 
T£MP(2tSl.L10 
CStMsLID'GtII 

P 
P«AO «30 
PSAO   ««0 
Pf)A010«0 
PRAJ10S0 
PRAOlObO 
P 
PWAOXOTO 
PPAO1O0O 
P«A01040 
PftAOllOO 
P 
PMA01120 
PfiA01130 
P 
P 
P«)A01250 
P«A01260 
PfiA01270 
PPA012eo 
PPA01290 
PMAOI300 
P 
P 
P 
PNA01380 

»11 
TMTAMXSTMeTftII W«l)P 
INMI    .Li.    C P 

102 

103 

10« 

• LT.   I.«1-201      00   TO   103 
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If   iAd&ltMU)}   .Li.   l.t-^a   .On.   »SrtU   .LT.   .00'.   •   xSH)   GO   TO   105 
C ACCUHACT c>*ni.HU. 

C ilTAblLlIt   ChiftilOU 
tO»   TCMPUI   s   TLftib)   •   » V-J.-.liItrptu,    |.S  •   i.5  •  nil).»2)   •   CV(I)/ 

If   <Tt,MP«2)   .LT«   l.i-201     60   TO   10/ 
If   ITcMHiat^bT.UTMl)   00   Tg   10t> 
0TH2S«|TH1 
uicmwNi 
IMNUI 
\fO Tu  10/ 

106   If   (TLMHt^t.toT.UlKat   bO   TO   107 
MUtBlCMMtl 
MM1BI 

1U7   CONTlfjUt 

IF   (UTHl.GT.TiLM(^b)t   30   TO   1U8 
TetM(2*)S0TRl 
TeL«lli7» = iHMl 
Tf.LM(2dlsOTH« 
HUKtfflSIMNi 
TCLMIJOlss&LlJIloi*!. 

108 IF <UTRMlM-UTHi 111«112>109 
109 ULANK JSTH4AMIN1 (UTHMlN»Gr(*0TH2 I 

«o TO na 
111 NHAOs2f>l(18l/UTH.4IN   ♦   1. 

UTNS^Hl ( ia > /f-LO* t (-mAu I 
IF   (f*HAu   .Lt.   biil        00   TU   112 
&1SU.0112 
CAUL  UIJCLfc 

112 CALL  UVCHK(Kk) 
00   Tu   UbO.ibJi.   KX 

ISO   SI   s   1J.U1!>0 
CALL  UNCLL 

160   IF   (Oi.   .GT.   0.1      I»   =   IM 
«0   TO   iUb>   Hi'   1131 •   I ALPHA 

C 
C   AMACTbHI&TICb   IM t40NPL*N£  GtOMETHY   —   SET  UP  X   ANO   V  0UTS101  FREQ  LOOPi 

113   K   S   0 
Ü£TE-<«IN£  »HETHE«  TO  SKIP ZONES WITH  Y-LINES 

11*  K1SK 
ruiso.o 
x*m s o.o 
JKSl 

>**•** 
c ♦ 
C SETUPYLIKÜS • 
C • 
C,«»»«».»»..........•«..•»..•«•..•••.«•••••••»••♦♦»••••••••««'•••••••••••F 
C DRÄU T LINKS ONt FOR EACH LARGE TEMPERATURE CHANGE   P 
C FMCE T LINE Qii  SURFACE OF SOLID IF ANT P 

1<»7D 

1S00 

1530 
1540 
1550 
1560 
1570 
1580 
1600 
1610 
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C              NO Y GKEATtR THAN C(IR+U P   1630 

IF (IN .LE. H  6Ü TO U5 J 
JK   -  d p 
Y(2) S ClIN) p 
X<»(2) a CSOUdU) p ■ 

lib ÜO lib I = IN» IK 
IF (AüS)(y37tI*l) - (iJ7(l)) - 0.5)  117» 117, 116 £ 

116 JK=JK*1 p   .-,„ 
Y(JK)=C(1*1) I        1670 
X4(JK) = cs*ii*i) ;   1690 
Kl—»^ p 
60 TO lib p 

117 IF (Kl .LE. Ü .0«. 1 .EO. Ir<) GO TO 116 - £ 
^1=K1-1 p 

110 CONTINUE p   .,„ 
NYSJK p     U 

60 TO 120 p 
119 K=Kn p 

IF (K .LE. 1Ü) GO TO IIH L 
bl « 13.UUS» p 

^♦♦«•••♦♦♦»♦♦♦♦♦••♦♦-♦♦♦»••♦♦•♦•«♦♦•♦•♦♦•♦»♦♦»•♦♦♦•♦♦♦•♦♦•♦*******»****^   ^|° 

F:NU     COMPLETE     SET     OF     X     VALUES       *P     IBOO 
(INTtKSECTIONS OF RAUII WITH i  LINES) «f   Jf*0 

*P   1820 
-♦♦»♦«♦♦♦♦»♦♦♦♦♦»♦♦•»♦♦♦»♦♦»♦•♦♦»♦•»♦♦•♦♦»•♦»»♦••♦♦♦•♦»♦••♦♦•♦•♦*******^   "?0 

P   1040 
FORMATS -Xi»» -NUMBER OF 1NTERSECTI0NS»X«S. P 

P   1860 

120 K2=l p 

X(K2) = -X«KU) p   1Qln 

KJ-J2*2 p  **! 
121 TSl = CSQüd) - X«»(J) J 

IF (TSl)  12«*» 12H» 122 J 
122 ^KJ*!0"11151' P 1960 

IF (K2-IDMX)  123» 123» 119 g 
123 1=1-1 p   1990 

60 TO 121 p 
12«»  KKK=K2-KK p   aü2n 

X(KKK)=-(KK-1) p   *u*0 

12b CONTINUE                                 ..  ,.„ B 
C              FINISH X-BLOCK WITH A NEGATIVE NUMBER J 

C                                       BEGINFRtQU.NCYLOOP . •PRAOl'KtO 
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StT   OH   MAX   FRLi   ÖÜÜNOARY C 
c 
CoMHTOU SCAITOUrKi FüRÜIDS VtHY HIGH FREOUErKIE-S. 
C     THtTAMlU.!) CHObtN TO at COMPATIBLt WITH KAHb/JP 

128 HNUP = TlltTAhdUJ) 
1HNU=1 
00 li'9 1 = IM»ISP1 
Xtd) S 0. 
FUO(I) I 0. 
FuKii S 0. 
FU2(1) a  0. 
FOJ(i) = 0. 
KOO(I) I LK(I) 
tKlI) S 0. 
SMLR(I) I U. 

129 <>UMX2(I)=U.Ü 
IF (KMAX .NU. 0)  GO TO HO 

C 
c 
c 

MONOFHtuUtNCY CALCULATION 

C 
c 
c 

210 NHNU-1 
DO 22U I=IN>IM 

220 Xo(n=01(I) 
2H0 OFU a 1.Ü 

HNU S .001 
ÜHNU I THtTAK(lUj) 
ICX = IM 
ICTSIN 
<iO   TO '♦60 

C 

TYPICAL GROUP CALCULATION OF SOURCES 

310 CALL KAPPAdN'IM) 
ZZ ■ 0. 
OHNUP = DHNU 
ÜHNUSHNUP-HNU 

3b0 ICX = IM 
1CT = IN 
IF. (GL .LT. l.E-20)  60 TO 370 
00 360 I=IN»IH 
OFU = PLNKUTCHNU / THETA(I)» HNUP / THETA(I)) 

360 X6(I)=üFt)*ai(I) 
60 TO <t60 

370 00 «tbO 1 = IN.IK 
BETA=HNU/THETA(I) 

AVOID CALCULATION OF DF6 LESS THAN 1E-5 

C 
C 

IF (BETA .GT. 19.)  60 Tu 430 
BETAP s HNUP / THETA(I) 
IF (BETAP .GT. 0.01)  GO TO <»<*0 

1*30 Xfam=0.0 
60 TO HbO 

FORM SOURCE X6 

PRAOl'tgo 
PRAÜ15Ü0 
P 
P 

PRAÜ1520 

PHAÜ2070 
PRAD20ao 
PRA02Ü90 
PRA02100 
PHA02120 
PRA021<»0 
PRA02180 
PRAD2190 

PRAD2220 
PRAD2230 
PRAD2'»50 
PRAD2460 
PRAD2470 
PRAD2'»Ö0 

PRAD2490 

PRAD2610 

PRAD2640 
PRA02650 
PRA02660 
PRAD2670 
PRA02680 
PRA02690 
PRAD2700 
PRA02710 
PRA02720 

PRA02860 
PRA028t)0 
PRAD2890 
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«♦HO üFö=PLNKUT<btTA.bLTAP) 
Xb(I)-ühü.Qi(I)  ■ 

Hbü CUNTIUUL 
CALL. UVCHK(KX) 
GO TO (<4b2» H60) » KX 

CALL UNCLE. 
460 IF (INM1)  470» 49ü> 4dü 

C 
C 
C 

PRA02910 
PRAD2920 
PRA02930 
PRA029BO 

StT ULACKbOUT CONJITION KOR IA GREATER THAN 1 

47U SI = iJ.Uu7U 
CALL LNCLE 

t»8ü ÜFb = PLUKUT (MNÜ/THtTA(lNMl).HNUP/THETA(INMl)) 
XbtlNMl) = ÜFÜ ♦ THLTAlI.Jivil)»»'* 

C     SET bLACKbODY CONuITlOM IF üESIREO FOR IMP! 
490 IF (AbS(GL - O.b) .or. I.E-'J)  GO TO 51Ü 

IF (AbSdHETACIMPD) .LT. 1.E-2U)  GO TO 500 
FMS(INMI) -   Ü. 
Of-ti  -  PLNKUT(HNU  /   THETAdMPl).   hfjUP   /   THETA(IMPl)) 
X6(IMP1)   =  DFb   ♦   THtTA(IMPl)»»'» 
FMb(IMHl)   =   0. 
GO TO blO 

500 X6(IMP1)=0. 
510 IF (AUS(SOLIU(J7)) .LT. l.L-20)  GO TO 515 

C     SCATTtKING.  StT RADXATlOiJ REGION ACTIVE THROUGHOUT» (RING IN DATA 
C     FROM ÜRUM» ANÜ SET UP CO-iPTON SCATftRIMG FREQUENCY PARAMETERS 

ICY = IN 
ICX I IM 
READ (JORUM)  Flu« FI1> FI2» FI3 
HNUX I AMINKHNUP, 1.E5) 
GAMMA = AMIN1(0.2> 0.97b4oE-6 • (HNU ♦ HNUX)) 
AIP ■ HNU»*2 / UHNU ♦ 1.95b92E-6 
IF (IHNU .ECI. 1)  GO TO 512 
Ad  ■  HNUX*»2   /   DHuUP   •   1.9bti92E-6 

512  Al   =  AIP   +   J.   »   GAMMA 
GMP  s   1.   -  2.   «  GAMMA 

515 031=0.0 

FORM ROSSELAND AND PLANCK OPTICAL DEPTHS 

00 570 isiNiIM 
IF (CAPAR(I)) 530>530»520 

520 IF (CAPAC(I)) 530»530«b<t0 
530 51=13.0530 

CALL UNCLE 
540 TAUX = AMAX1(S0LIU(37)> J.) 

C     SPECIAL CODING TO FORCE KAPPAS TO HE AT LEAST 0.2 
CPC = AMAXKCAPARCI) ♦ TAJX» 0.2) 

C     HHTAX MUST üfü LIMITED TO 2 • GAMMA ♦ KAPPA «S) = .08 
HHTAX = AMlfCMTAX • (HNU ♦ HNUX)» 0.08) 
60 TO (542» ^44» 544)» IALPHA 

542 QQl =6(1) 
60 TO 546 

PRAO3000 
PRAD3010 
PRAD3020 

PRA03040 
PRA030SO 
PRA03060 
PRAD3070 

PRAO3100 
PRAO3110 

PRA03120 
PRAD3130 

C 
C 
C 

PRAO3150 
PRAD3160 
PRA03170 
PRA03180 
PRA03190 
PRA03200 

PRA03220 
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&<*<« JJl  =   (CU + l)   - C(l>>   /  3V(1> 
bH6  CPA  =  CWC   -  hHTAX 

HMD   -  CPA   •   JUI 
CHOOSE  ALL  KOSSE.LANO   IF   SuLU'dO) 

IF   (ABS(SüLlü(lU) )    .LT.   I.E.- 
H21I)   ■  HJll) 
Htl)   ■ CPA  /  SV(U 
00   TO   bbü 

b50  CPd  =  AMAXKCAMACd)   ♦   TAUX» 
M21I)   =  CPb  •   OCll 
rid) ; CPU / svd) 

Qd(I«l)=UJl 
rid)  ■ u.b • rid) 
ri2d)-u.b*H2d) 
MJd)=0.b»MJ(I) 
X2d)sU.Ü 
X3dl=U.O 
X<»(I)S0.0 
T2(I)   s  Ü. 
Tod)   S   0. 
KHOd)   ■   U. 
PHd)   S   Ü. 
FLd)   S  0. 

570   IKd)   s  0. 
X2dhPl)so.U 
UllMPitatai 
MltNPitat«! 
Td(IMPl) - 0. 
RHOdMPl) s 0. 
PKdMPl) s Ü. 
FLdMPU s 0. 
TRdMPU = U. 
T^dN -XbdN) 
Tl»(lN)=U.O 

IS NONZERO 
20)  GO TO 

Ü.2) 

5bC 

C 
c 
c 

610 
0.333)  GO TO 
.LT. 0.333) 

610 
60 TO 620 

FOHH Y2 AND TG  StT X3=-l IF A DIFFUSION CRITERION MET USING HCb 

600 ICXHi:lCX-l 
IF dCT.GT.ICXKl) GO TO 6b0 
00 6»»U UICTdCXMl 
TEMP(l)SH3d^l)«'H3(I) 
IF (AMAXl(X6(I)»X6d>l)>.LT.l.E-30' 60 TO 
IF (AbSitriJd) - HJd*!)) / TE»tPd)) .6T. 
IF (AbS((X6d)-X6(I*l) ) / (X6d)«Xbd»l))) 

610 Tud4i)=u.O 
60 TO 6H0 

620 T6(I«l)s(X6(I»l)-X6d>;/Td:MPd) 
V2( 1*1) sCX6d + l)«H3d)*Xod)*ri3d4'l))/TEMP d) 
FORCE TRANSPORT FOR RAPULY VARTINU SOURCE OR POSITIVE 
IF UöSdGdd)) .6T. 0.1 * Y2(in) .OR. HCb .6T. 0.) 

630 X3(Ul)s-l.O 
6«0 CONTINUE 

FORCE DIFFUSION FuR NE&ATIVc riCB 
650 IF (HCB)  651» 655» 655 

HCB 
60 TO 6<»0 

PRA03280 

PRAD3290 

PRA03310 
PPAD3320 

PRAD3330 
PRAD33U0 
PRAD3380 
PRA03390 
PRA03400 

PRA03420 
PRA03430 
PRAD3'*40 

PRA03520 
PRAD3570 
PRA03530 
PRAD3590 
PRA036ÜO 
PRA03610 
PRAO3620 
PRAD3630 

PRAD3680 
PRAD3690 
PRAO3700 
PRAD3740 

PRA03760 
PRAO3770 
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C 
C 
c 

65     IF   (6L   .GT.   U.S>)     GO   TO   oij4 
1UH1   =   If4  ♦   1 

ÜO     6bJ     I   3   lr,Fl,   IM 
0  =  HJ(I-I)   ♦  HJ(I) 
IF   tQ   .GT.   0.)     GO   TO  6S<! 
SI   -■   I3.U6b2 
CALL  UNCLE 

652   TG(I)   =   (Xfa(l)   -   Abd-II)   /   0 
bbi x-jcn  B -i. 

GO  TO 655 
65<»  51  =  13.0654 

CALL   UNCLE. 

LAST ZONE MUST rfE THANSPORT IF EXTERNAL INPUT INTENSITIES PROV1ÜE 
655 IF (GL .GT. 0.9)  XSU«) = 0.0 

IF (ABS(GL - 0.5) .LT. l.fc-3)  GO TO 690 
y2(IMPl)=X6(lCX) 
TG(IMP1)=0.Ü 

EXTEND TRAN5P0RT REGION bOUNJARIES TO PROVIDE 5 MEAN FREE PATHS 

690   I=IN*1 
CALL  OVCHK(KX) 
60  TO   (692*   700)»   KX 

692  Si  =   ld.ü692 
CALL   UNCLE 

700   IF   (XJlin   710»7Ju»720 
710   isl+l 

IF   (I-ICX-1)   70Ü.7J0.82U 
720   51=13.0720 <    : 

CALL  UNCLE 
730   IF   (I   .ES.   IMPI)     60  TO  U20 

J  S   I   -  1 
700   IF   (Q3(n-Q3(j:-  5.)   7bu.75U.76U 
750  X3(J)   =  0.0 

JSJ-1 
IF   (J-IN)   760»7>»0i7i»0 

760   1=1*1 
IF   (I-ICX-1)   770>770>820 

770  IF   (XJCD)   780»76U»720 
760 JSI 
790   IF   (Q3(J)-03(I-1)-  5.)   BuO.00Q.710 
600  Xd(J)   =  0.0 

J=J*1 
IF (J-ICX-1) 790.6iu.810 

010 I s J 
GO TO 710 

620 I=IN+1 

TEST TO FORM TRANSPORT REGIONS 

PNA03780 

P^AD391o 
PRA03920 
PKAD3930 

PRA03960 
PRAD3970 

PRAD39ao 
PRAD3990 
PRAOtOOO 

PHA00020 

IF (X3(IN)) 890.830.720 
830 iAXsiN 
a<»0 IF (X3(I)) 860.850.720 

PRA00050 
PRAO«»060 
PRAOH070 
PRAOH080 
PRADO090 
PRA04100 
PRAO^llO 

PRAD4130 
PR AD«» 1 to 
PRAOH150 
PRA00160 
PRA00170 
PRADH180 
PRAD*»190 
PRAOWOO 
PRAOH210 

PRAOH230 
PRAOO2O0 
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c 
c 
c 

RCHOVE O.'iC ZONE DIFFUSION REGION 

abo 1=1*1 
IF (I-ICX-1) 8H0f9b0*9<)0 

860 |SX*1 
IF <I-ICX-l) Ö/U»9b0.9b0 

870 IF (XJ(1)) bH-j'   87b> 72J 
87b XJ(I-l) = 0. 

60 TO 8<»0 
880 ldX=I-3 

IF (IJX.LT.IAX) 00 TO 970 
60 TO 960 

890 IF (IN.OT.D GO TO 910 
ASSUME C(l) B 0. 

900 X2(l) S 0.0 
FLU) ■ 0. 
60 TO 920 

910   X2(IN)   s   1.02dJE12   •   A(I.J)   •   (Xb(IN-l)   -   X6(IN)) 
FL(IN)   =   O.b   •   (X6(I,'i-l)   -  X6(IN)) 

920  PH(IN)   ■   Y21XN)   •   0.O6O6667 
KHO(IN)   ■   Y2(IN)   *   Y2(IN) 
FUdN)   =   -.6666667   *   TSttNl 
TRtlN) = 0.6 • KL(IN) 

92b IF (X3(I))  930> 9*0.   720 
FORM X2 FOR UlFFUi>XON /O.JES IN ORDER 

930 X2(n 1 -1.J7E12 * lö(I) « A(I> 
PR«11 ■ Y2(I) * .0606667 
RHO(I) = Y2(I) ♦ Y2(I) 
FLU) = -.6666667 * TG(I) 
TR(I) ■ •« • FLU) 
ISIU 
IF U - ICX - 1)  92b» 980» 980 

00 TRANSPORT TO IM IN REGION OF NO SOURCE 

940   1AX=I 
60 TO 8b0 

950  iaX=Irt 
960 IF   UAX   .6T.   ICX)     00  TO 96b 

60 TO   (961*   962»   9bii>   1ALPHA 
961 CALL PTRANSUAX»   IBX) 

60 TO 965 
962 SI  =  13.0962 

CALL UNCLE 
9bJ CALL  STRAUSUAX»   IBX) 
965  IF   UBX-IM)   97Ü»1030»1030 
970   I=IBX+2 

60 TO 930 
980  IF   U.6T.IR)   CO  TO  981 

IAX=I 
60 TO 950 

961 IF UK .EQ. IM)  60 TO 990 
SI s 13.0982 
CALL, UNCLE 

PRAOU2bO 
PRAD4260 
PRA04270 
PRAD<*2öO 
PRAD'*290 
PHAD4300 
PRA04310 

PRAD4330 
PRAD43H0 
PRA04350 
PRAD4360 

PRAO<t380 
PRAO*f390 

PRAO<M»10 
PRA04420 

PRAOI»*»30 

PRAOt<*S0 
PRA04460 
PRAD«»«»70 
PRAO«»<*eo 
PRA04490 

PRACWS20 
PRAOUS30 
PRAO*»5<t0 

PRA04560 
PRA04570 
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C     KIüHT-hAilÜ ÖOUNDAKY CONDITION FOR UIFFUSION ZONES 
C VtAT.  MAr NttD HHOt   FLr TH HERc. 
'9^0 IF (OL) 1Ü00.1010.1U20 

X2(IKPi) S U. 
GO TO 1030 
X2(IMP1) = I.Ü283E12 • XbiliA)   *   AdMPJ.) 
ou TO 1020 
X2(IMH1) S 1.028^12 « 
KHOUMfll = Y2<1MK1) ♦ 
PK(IMPI) = Q.iiyiiil   * 
FLtlM^l) = X2(IMP1) / 

,000 

,010 

XÜ20 
lU2b 

PRAO^SBO 

PRAO<»590 
PRA04600 
PRAD<»610 

(X6(1M) - Xb(IMPl)) • A(IMPl) 
V2(IMP1) 
RHOtXMPli 
A(IMPl) ♦ U.a62<»E- -13 

TR(IK.P1) = FLIHPH * 0.6 

1030 

101*0 
icx, ICY 

OPTIONAL EDIT OF X2 ETC, 

IF «AbSCEOlTMF) .LT. l.E-20 .OR. Zl   .GT. l.E-20)  GO TO mo 
CNTl=SOLIO(lb>^1.0 
lF(Tü.GT.0.t>.AiJU.CNTl.LT.CNTMAX)GO TO 
«KITE (fc»3)  CNT1» TH» HNU» HNUP» IRi 
rfRITE (6*4) 
■JO 103b I = IN. IMP 1 
KRITE (6.6) I» C(IJ. X6(U» H2(l)» H3(H. TG<I)» Y2(l). X3«n» 

1X2(1)» RHO(I)» PK(I)» TK(1) 
1035 CONTINUE 

3 FORMAT  (9H1CYCLE = F7.0. <i>i     TIME = E13.6» 12H 
2 HH   TO F8.2. lOXiHlRl«*» lOXiHlCXIH» 10X3H1CYI«»/) 

*  FORMAT  (3X1HI» lOXlHrt» 10X2HX6. 1ÜX2HH2. 10X2HH3» 10X2HTG. 
2 10X2riY2» 3X2HX3» 1ÜX2HX2. 9X3HRH0» 10X2HPR. 10X2HTR) 

6 FORMAT  (I«»» IPEim» bE12.S» 0PF5.1» 1P«»E12.5) 

PRAD'»650 
PRAO<»660 
aRAOl»670 

PRAO<»690 

HNU FROM F8.2» 

10<»0 IF iJt   .GT. CAPAC(152))  GO TO 105b 
ZZ=0. 
OEM = 0. 
00  1053  I s IN» IMP1 
FI0SWS3.*RH0(I)-PR(I) 
FI2SV=3.«PR(I)-RH0(I) 
FI1SV = 3. ♦ FL(I) 
FI3SW S3.* TR(I) - 
ON = FIOSV - FIO(I) 
.00 = FIOSV ♦ FIÜ(I) 
IF (ABS(OD) .GT. 0.) 

• 051 

1052 

.053 

b. 
b. 

TR(I) 
FL(I) 

GO TO 1051 
GO 
QE 
IF 

IF 

TO 1053 
= ABS(ON 
(QE .LT. 
s 1. 
(QE .LT. 

1QEM = I 
OEM s «E 
FIO(I) ■ 
FI2(I) ■ 
FIKI) = 
FI3(I) ■ 
CONTINUE 
fH  s  JH  *  I 
IF   (TH .GT 

/ 00) 
CAHACUbO)) GO TO 1052 

OEM). GO TO 1052 

FIOSV 
FI2SV 
FI1SV 
FI3SV 

CAPAC(läl) 
CAPACdSD 
CAPACdSD 
CAPACdSD 

• ON 
♦ (FI2SV - FI2(I)) 
* (FUSV - FIKI)) 
♦ (FI3SV - FI3(I)) 

CNT1  s SOLlDUa)   ♦   1.0 
9.   .OR.   Z2   .LT.   0.1)     60 TO  1055 
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XKITf    (b.ö)      CUrt«   IHNU.   T««.   <iLK>   Ii<EM 
8 FOHMAT      (aVH  SCATTtklNG   IftKATION.   CYCLE   Fb.O,   9H     IHNU   =   12.   7H. 

AT«»  =  F3.0.   32H LARGEST RELATIVE  O^FEKENCE   IS F5.3.   9H   IN  ZONE   13) 
üO   TO   blt> 

lObb  00     10b7     I   t   IN»   IMP1 
FJUII)   =  FlUd) 
FOKl)   =  Fll(I) 
fQZll)   ■  FI2(I) 
Fd3(I)   S  FIJCl) 
SUMX2(I)=SUMX2(I)♦X^(I) PRAnuftin 
EKCI)   =  KMOIX)   ♦   üö.b   ♦  £K(I) PRADU810 
bMLRli)    I   S'-ILKlD+PKdt'od.^ 
FIU(I)   =   3.   •   «Hü(X)   -  HK(I) 
FX2(1)   =3.*   HH(I)   - HHO(l) 
FlUll   =  3.   •  FLU)   - b.   •   TR(I) 

1057 FI3(1)   S3.»   TH(I)   -  b.   ♦  FL(I) 
U  -   THICK   •   I.ü26t:i2 
CMPAR(IH,MU*13b)   s  CAPAH(lHNim3b)   ♦   0.5   ♦   DTR   *   (CAPARC IHNU*120)   ♦ 

CAPAR(1H:4U'»120) S U 

IF (AöS(SOLIÜ(jn) .bT. l.E-20)  KWITECJURUMI)  FIO. FI1. FI2» FI3 

C     AüVANCt FRE«i. STOKE EMERGENT FLUX, TEST FOR COMPLETION OF GROUPS  PRAD<!"o 

HNUP-HNU PKMtabo 

IHNU  =   IHNU  ♦   1 PRAO^ao 
I1»   —   X • 
IF   (IHNU-NHNU)   lü60,106U.lüöO PRAnuAon 

^60  CALL  JVCHK   (KOOUFx) PRAoilqnn 
60   TO   (1070.310).   KUOOFX PRAD<»910 

Cf***************** ********* t**4*¥,4*f,mmm0timitmmmmpRAOIt92o 

S. „   . •PRAD'»930 
C cNU       FHEuUENCr       LOOP •PRAO'»940 

^••••••♦♦•♦•♦•♦••♦♦»♦♦♦. ♦«♦♦♦♦♦*♦•»♦♦♦»««»*♦,«„«.»«»»^»^^^^^»^^^^^^^^^^^pp.Q^Q, 

'o'0 HJ. nor fsjsa 
RtdlNU  JORUM 
00     1090     I   s   IN.   IH 
ECU)   S  0. 
X2U)   s SUMX2U) PRAO5020 
RHOU)   s EMI) rriAuauzo 

ERU)   s  SUMX2U)   - SUMX2U+1)   ♦  0.5 *   CA(I*1)   ♦   (3.   •  SMLRUU)   - 
2 EKU*l»)   -  AU»   •   (3.   •  SMLRU)   - EKUH) 

1090 CONTINUE 
X2UKP1)   s  5UMX2UMP1) 
RH0UMP1)   s EKUMP1) 

C EDIT  OF  OUTPUT  OUTPUT 
IF   |f9   .61.   0.5   .AND,   Ciai   .LT.   CNTMAX)      RO  TO   1320 
*HITt   (6.5)      CNT1.   TH 
«RITE   (6.7)      (CAPAR(I4-12U).   Isl.NHNU) 
MRITE   (6.7)      (CAPARU + 13b)'   Isl.NHNU) 

5 FORMAT      (25H  OUTPUT   OUTPUT  FOR  CYCLE  F7.0.   10X7HTIME  s   1PE13.6) 
7 FORMAT      UP10tl2.t)) 

l320 RETURN 
ci40 PRAD6030 
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WIT   FOK  PTKANS/P»   PTKAUS/P»   PT«ANS/P1 
SUaROOTII^  PTHANS(N.M) 

C^KPILEO     OCTObEH   9»   1967     WLJL 
C PLANt  CHARACTERISTIC   TKACE   «ITH OOUbLE   GAUSSIAN   INTEGRATION 
C USES   THE  RADIATION  TRANSPORT   'STtP«   SUBROUTINE 

C 

PTRA0Ü30 

SPUTTER       COMMON 

COMMON - 
1        KMAX 

II 
IIP1 i 
FREO . 
CVA • 
EMINA f 
RHOL # 
RPIA > 

COMMON 
1 OTMAXlr 

GAMA » 
ROIA , 
SH r 
S12        I 
S2U       * 

AM 
OELR 

COMMON 
1     W 

V 
X3 
SMLA 
EC 
UIGb 
CHIR 

LMOA(J7)>   NR HSMLR 

U 
3 
H 
i) 
b 
/ 
a 

»   ULANKlr   uLANK2>   ULANiO, 
IG 
IGM1 , 
CNTMAX» 
cvü » 
EMINB » 
R!iOH i 
«PIU » 
TO » 

NHAD ÜLANKi*. 

IA 
IAP1 
IAM1 

lALPHAr   ULANKS.   TH 
AR 
SLUG 
CA 
EPIO 
RPOIA 
TE 

0T,MAX2> OTMAXJ* UTR 
» WCRIT i äIGMAO» AC 
» ROIAMI» ROIU , 
« S5    > S6    > 
* S13   » Sl<4   > 
» £0    > FO    . 

(152)r RU    (162)* VU 
( 37)» P     (lii2)» PI 

ASMLR 
ALPHA 
CB 
EPS I 
HPOIO 
0TH2 

H0IBP1, 
S7 i 
SIS   i 
TAU   , 

PUSHA . 
HVA t 
GA i 
RIA , 
TPRINT. 
0TH2P f 
SWITCH» CO 
ACCm» CNVRT 
CMS 

IB 
I0P1 
IBM1 
TMAX 
PUSHD 
HVB 
GU 
RIB 
TA 
DTH1 

••PTRA0060 
•PTRA0070 

ICA , ICB »PTRA0080 
ICAP1 , ICUP1 .PTRA0090 
ICAM1 , ICBM1 »PTRAOIOQ 
BLANK6, DELPRT»PTRA01lo 
UOILA , BOILB ,PTRA0120 

HCB   »PTRA0130 
6R 
R0I6 
TC 
DTMAX 
DELTA 

SI 
S9 
S17 
R 

P2 
E 
e 

(1S2)» 
(1S2)' 
(152)» X4 
(152)» SMtB 
(152)» ER 
(152)» CV 

(152)» SV 
(152)» El 
(152)» 0 
(152)» Kb 
(152)» SMLC 
(152)» SMLQ 
(152)» BC 

sa 
S16 
ZERO 
(152)» RUU 
(152)» PB 
(152)» RHO 
(152)» EK 
(152)» C 
(152)» X6 
(152)» SMLD 
(152)» SMLH 
(152)» BR 

HCA » 
GL 
ROIA , 
TB 
OTRMIN» 
CMIN » 
SUMRA » 
S2 » 
S10 » 
S18   » 

(152)» CAPAC (152)» CAPAR (152)» CRTC 
CRTPC (152)» 60FR 

COMMON 
1 FRLM 
2 2P1 
3 RL 
<* HEAD 

TELM 
(   37)»   MLM 
(  37)»   2P2 
(37)»   KHOK 
(   12)»   MAXL 

(152)»   FEW 
(   37)»   EKLM 
(   37)»   QLM 

(152)»   CAR 
(   37)»   ELM 

»PTNA01i»0 
»PTRA0150 
PTRA0160 

»PTRA0170 
»PTRAOlBO 

SUMRB   .PTRA0190 
»   äZ »S3 »PTRA0200 
» S10 » Sll »PTRA0210 

S19 »PTRA0220 
(152)» 0ELTAR(152)»PTRA0230 
(152)» SMLR (152)»PTRA02i»0 
(152)» PB1 (152) PTRA0250 
(152)» THETA (152).PTRA0260 
(152)»   A (152)»PTRA0270 
(152)»   X2 (152)»PTRA02aO 
(152)»   X7 (152)»PTRA0290 
(152)» SMLE (152)»PTRA0300 

(152)»PTRA0310 
(152)»PTRA0320 
(152)»PTRA0330 
( 37) PTRA03U0 
(   37)»PTRA0350 

(152)» BIGA 
(152)» CHIC 
(152)» CRTR 
(152)» OKLM 
(37)» FCLM 

( 37)» AMASN0( 37)» CHRNO ( 37)»PTRA036Ö 
(   37)»   SOLID   (   37)i   ECHCK   (   37)»   RK (104),PTRA037O 
(10<t)»   RDK       (IQi»)»   THETAKdO«»)»   TEMP     (   16)»PTRA0380 

»   MAXLM PTRA0390 
^« •♦PTRAO«»00 

COMMON /LINÜLY/  HNU»SGNL.IHN0.NHNU»HNUP»NT»1M»lN»OHNU.THICK»Nr PTRAO*»50 
COMMON /CNTRL/  SCYCLE»   UMULT PTRAoÜln 
COMMON /DAVIS/     X(<»000)»   ICX»   ICY .   ' U 

COMMON /JIM/  NN»   FMU»   Rl»   R2»   HD»   EST»   II»   12»   6MP»   Al»   A3»  FKUS» 
2 FS»  LDF»  LRI»   1ZN»   TGI»   T62»  F2 

et*************************************** fmm*tm0mmmmmm0ipyHMillo 
DIMENSION    KHC+Ü) 
DATA    RR/2.1132<»aE-01» 7.a86752E-01» 1.05662^-01»3,9<»3376E-01» 

i )!.127017£-01»5.ÜUOOOOE-01»8.872983E-01»3.130600E-02» 
2 2>222222E-01»2.'«6<»7iaE-01»6.9i»3180E-02»3.300095E-01> 
3 6.699905E-ül»9.305682E-01»1.207610E-02»1.076071E-01» 
•»        2*18<»655E-01»1.618513E-01»4.691010E-02»2.307653E<.01» 

PTRA0550 
PTRA0560 
PTRA0570 
PTRA0580 
PTRA0590 
PTRA0600 
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b. OOOUOOt -01.7.o J2^7E-01.9 .530e99L-01.5.5b7100E-03.     PTRA0610 
5. bZüb'tÜL -U^.l.-^ZiZat-Ol.l .0<*üa89t-01.1.129063E-01.     PTRA0620 
3. ilbbZOL -üa.i.u' ?3y53E-Ul.J .a06903E-01.t>.193096E-nir     PTRA0630 
8. 4060'* 7E -01.9.b62JU6E-01.2 .892U0OE-03.3.05557OE-02»     PTRA06UO 
8. 9Ü6W0E -Oi.l.^'iSVlöE-Ol.l .i»9a2blE-01»8.276980E-02/    PTRA06S0 

c •PTRA0660 
C ••♦••♦•••••»•♦•••♦»•♦»«••*♦*4••*•••••••*•••♦*••«•«•»»«♦«•»*»».»»«»»»»»PTkAOgnn 

JlMEtJbXütJ CSUJ (Di PH (1). FM (1)» H     (1). H2    (1). 
1 HS (!)• H^ (1). Fits  <i). 01 Ill» TO    (1). 03    (1)» 
2 Qil (1). liJri (1)» UMU   d»» SUMX3 111« SUMX<» (1). X8    (D.P 550 
A r in. Y2 (lif OX (1)» FL (11» TR    (1)» FSM   (D.P 
* FSP (l) P 

c P 570 
EQUIVALENCE (AC0.JT4.TRUBG). (BC   .SUMXi»). (BIGA »Y    ),P 580 

(bICB » H ). (BH .H3   ). (CAR  ,037  ). (CHIC »SUMX3),P 590 
(CHIR .U-Jb )» (C»<TR «SUMXa). (X/   .PR   |. (60FR .03   UP 600 
( PB • Ul ). (M< .EOITMF). (EC   .H2   ). (  W  .OX   >.P 
ISMLA .1-Mb ). (SMLB »FL  >. (SMLC ,TR   ). (SMLH .H<*   > ,P 
(ER »FM ). (V fTG   1» (SMLO .FSk  ). (CRTC .CSQO ).P 
(X5 »Y2 )*  (X<4 .XB   >. (SMLE »FSP  >                P 

c* •••**•*••*•******»• *i»rn***m*m»*tm**mtmm0mmtittimnm,mp 660 
•P 670 

ÜX CONTAINS X FROM THE PREVIOUS Y LINE                »P 680 
•P 690 

CSQO SAME AS CRTC                        »P 700 
EUITMF SAME AS S12                       «P 710 
01 SAME AS PB                       «P 
FM SAME AS ER                       «P 
H SAME AS BIGB                       *P 7<»0 
HZ SAME AS EC                       *P 
Hi SAME AS BR                       «P 760 
m SAME AS SMLH                       *P 770 
PR SAME AS X7                       «P 
FMS SAME AS SMLA                       *P 
FL SAME AS SMLB                       .P 
TR SAME AS SMLC                        »P 
FSM SAME AS SMLO                       .P 
FSP SAME AS SMLE                       »P 
Y2 SAME AS X5                       .P 
OX SAME AS H                         »P 
TO SAME AS V                        .P 
03 SAME AS 60FR                      »P 
Q37 SAME AS CAR                      «P MO 
038 SAME AS CHIR                      «P 950 
SUMX2 SAME AS CRTR                      «P 860 
SUMX3 SAME AS CHIC                      «P 870 
SUMX** SAME AS BC                      .P 860 
TRÜBG SAME AS AC03T»»                      «P 890 
Y SAME AS BIGA                      ,P 910 
X8 SAME AS X«»                      .P 

«P qttn 
€«••••••••••♦••♦••••♦♦•♦♦♦•••♦••♦••♦••••♦•♦♦•♦♦♦»♦••••••♦»»♦••««»♦♦♦•«»♦TRAN  930 
C »PTRA0910 
C PLANESONLY •PTRA0920 
C »PTRA0930 
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100 

110 

c 
c 
c 

120 

130 

c 
c 
c 

lUXSK 
IMNUXN-t 
IMPl   s   IM  ♦   1 
CALL  UkCHKCKQOOffc) 
»0  TO   dUOtllOl«   KOOOfx 
^isin.uiuo 
CALL  UNCLL 
lUXPl=lbA»l 
1 ALP». A: ALPHA 

t»«HO«   IF   NOT   PtAMt 

GO TO ^lio^l^o^^^^>^^  IALPM 

CALL UNCLi. 
MT   s LMOA(37l   -   1 
IMU  r   INT   -   II   •   (NT   «   21   ♦   1 
IMS   I   NMU   ♦   NT   ♦    1 
Al s • 

DO PUSUIVt   «MUU FIRST 

C 
c 
C 

C 
C 
C 

C 
c 
c 

c 
c 
c 

c 
c 
c 

1*0 I=IAX 
F2S0.Ü 
FS ■ Ü.0 
FMU ■ RR(NMU) 
LHI - 1 

IF   IAXSIN   TRAMSFcK   TO   ISu   To  SET  SOCIAL  OOUNOART  CONDITIONS 

If   (lAX-If,)   J60.1S0.16Ü 

CALCULATE  POJNOART  SWJRCt   INTENSlTT 

.    t   IF   (INM1)    Ibb'ilU'lTi! 

SCT   bLACKbOOT   CONOITION  FOR   PUSHER 

160  SlSl<».01bO 
CALL UNCLE 

170 F2=XblI»#41) 
60 TO 310 

DIFFUSION UOUNCMRT CONDItION AT I A* 

180 LUF S 1 
60 TO 220 

210 IF (AuSIT6(I-l>i .LT. 1.C-20I  T2(I-l) s x6(I-l) 
X8(I-1)=T6(I-1)*RH(NMU) 

REGULAR INTEGRATION STEP FOR F2. POSITIVE MU 

220 IF UBS(TG(I)) .LT. 1.E-20I  TZd) = X6(I-1) 

• PIRA09140 
?TRA095o 
PTRA09bO 
PTRAO^BO 
PTfcA09V0 
PTRA1O00 
PTRAlOlO 
PTRA1020 
PTRA1030 
PTRAlOlO 
PTRA1050 
PTRA1060 
PTRA1070 
PTRA1080 
PTRA1090 
PTRA1100 
PTRA1I10 
PTRA1120 
PTRA1130 
PTRA11«0 
PTRA11S0 
PTRA116D 
PTRA1170 
r'TRAllaO 
PTRA1190 
PTRA1200 

PTRA1210 
PTRA1220 
PTRA1230 
PTR.tl2<»0 
PTRA:2S0 
PTRA1260 
PTRA1270 
PTRA1280 
PTRA1290 
PTRA1300 
PTRA1310 
PTRA1320 
PTRA1330 
PTRA13«0 
PTRA13S0 
PTRA1360 
PTRA1370 
PTRA1380 

PTRA1SO0 
PTRA1510 
PTRA1520 
PTRAISM 
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U  s  *  -  1 
U  ■  1 
«1  s C(l-l» 
m s cm 
lA « I - I 
T«l  ■  Xöd-D 
roz s kaut 
HU   =  H2(l-li/KI<(I^U) 
CALL  STtH 

<f6U   &UMXj(l>zF2 
IF   (*ui<lolin   .LT.   l.t-20»      T2(I)   =   X6(I) 

If   II .61. IbXPl)  M TO 32u 
IF (I .Li. ICX ♦ i) %0   TO c20 

PTRAlSbO 

C 
c 
CjVLAT. 

IF 

C 
C 
c 

c 
c 
c 

NO SOUHCt Ik ZONE GhEATEK THAN ICX 
SCATTtRlNG IN SOUHCELtSS REGION NOT HANDLED PHOPfRLY HFRfc 
<F2.tO.Ü.ÜI GO TO 2üü 

T£»#»(i»SH2(I-l)/HR(NMU) 
H»(I-I»SFHEXH(-TtMP(l)-TtMP(l)) 
F2=F2»h«HI-l) 
60 TO 260 

900 IF (F2.bU.0.0) GO TO 310 
T£*P (1) SM2 (1-1»/HK (NMU) 
M«»(I-l»=FHfcXP<-rtMP(I)-TtMH(l)) 
F»aF2«h«m-l) 

310 SUMX3(II I F2 . 
FSMII) = PS 
LÜF S 2 
ISl*l 
IF (I-ICT) 300.JÜÜ«210 

ÜO NfcGATIVE ANGLEi SECOND 

320 IslBXPl 
FS s Ü.0 
LMI s 2 
IF IIUX-IM) 37(i. JjU, 360 

330 IF (&L) «80IS2ÜO4U 
6L -   1/2 MfeANS BLACKbOUT CCDITION SET AT IMPI 
6L = POSITIVL INTEGER UNPUT OPTION DELETED 
6L s 0 MEANS VACUUM AT MP1 
6L NEGATIVE MEANS REFLECTIVE CONDITION AT IMPI 

3<»0 IF (GL.NE.O.bl 60 TO 3b0 
F2 s X6(IMP1) 
60 TO «SO 

3b0 SI s i*».ojbu 
CALL UNCLE 

ERROR IF INDEX EXCEEDS NORMAL RANGE 

3*0 S1S14.03GU 
CALL UNCLE 

PTRA1640 

PTRA1660 

PTRA17i»o 
PTRA1750 

PTRA1780 
PTRA1790 
PTRA1800 
PTRA1810 
PTRA1820 
PTRA1830 
PTRA18U0 
PTRA1850 
PTRA1860 

PTRAUTO 
PTRA1880 
PTRA1890 
PTRA1900 
PTRAI910 
PTRA1920 

PTRA1930 
PTRA19i*o 
PTRA1950 

PTRA1970 
PTRA1980 
PTRA1990 
PTRA2000 
PTRA2010 

PTRA2050 
PTRA2060 
PTRA2070 
PTRA2080 
PTRA2090 
PTRA2100 
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DIFFUSION tSOUt.jAKT  CONUITION  AT   I8XP1 

370 LDF  =  1 
GO  TU  400 

399   IF   (AdS(T&(I + l))   .LT.   1.E-20J      Y2(l-fl)   =  X6(I) 

C 
C 
C 

«♦ÜU   IF   (AbS(TG(I)) 
II   =   I   ♦   1 
ia s i 
Ki   =  -C(l+1) 
R2 = -C(l) 
IZN =  I 
T61  =  -Xad+l) 
TG2 = -XtJd) 
HÜ  =  H2(I)/KMNMU) 
CALL   STtP 

<m0   SUMX<M1)=F2 

KtGULArt   lNTt6H,\riüN  STtP  FOR  F2»   NEGATIVE  MU 

LT.   l.t-20)      f2{I)   =   X6(n 

C 
C 
C 

FORM CONTRIBUTION TO X2 

X2<I)=X2(I)-(F2-S0MX3(I))»RK(NGS) 
RHO(I) = RHO(I) ♦ (F2 ♦ SUMX3(I)» ♦ RR(NGS) / RR(NMU) 
PRd) = PKd) ♦ (F2 ♦ SUMX3(I)) * KR(NGS) *  RR(NMU» 
FL(I) -  X2(I) 
TR(I) = TR(I) - {F2 - SUMX3(I)) • HR(NGS) ♦ RR(NMU) • RR(NMU) 
IF (AbS(TG(I)) .LT. l.E-20)  Y2(I) S X6(I-1) 

IF <I-IAX) b30.4bu>4öu 
HbO   IF (I-ICY) bOU^Ou'^UU 

NO SOURCE IN ZONE LESS THAN ICY 

<*70  IF   IFZ.EO.O.O)   GO  TO  480 
TEMP(l)rH2(I)/KR(nMU) 
HHCDsFREXPC-TEMPdJ-TEMPtl)) 
F2=F2«H4d) 

«»80 SUMXi*d)=F2 
<»90   X2dJ=X2d)-(F2-SuMX3(I))«RH(NGS) 

RHO(I# s  RHOd) ♦ <F2 ♦ SUMX3d)) • RR(NGS) / RR<NMU) 
PRd) S PRd) + (F2 ♦ SU.MX3d)) * HR(NGS) ♦ RR(NMU) 
FLd) S X2d) 
TRJI» s TRd) - (F2 - SUMX3d)) • HR(N3S» • RRCNMUi • RR(NMu) 
LOF ■ I 
FSP(I) = FS 
1=1-1 
IF d-i-ICX) 399.4»70»470 

NO SOURCE IN ZONE LESS THAN ICY 

500 IF (F2.EQ.0.0) 'iC TO blO 
TEMPd)=H2d)/RK(NMU) 
H* d)SFREXP t-TEMP(1)-TEMP(1)) 
F2SF2»H«HI) 

PTRA2110 
PTRA2120 

PTRA2230 
PTRA2240 
PTRA2250 

PTRA2330 
PTRA2340 
PTRA2350 
PTRA2360 
PTRA2370 

PTRA2t20 
PTRA2430 
P1RA2HH0 
PTRA2470 
PTRA2480 
PTRA2490 
PTRA2500 
PTRA2510 
PTRA2520 
PTRA2S30 
PTRA2540 
PTRA2550 

PTRA2560 
PTRA2570 
PTRA2580 
PTRA2590 
PTRA2600 
PTRA2610 
PTRA262Ü 
PTRA2630 
PTRA26H0 
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biü   SUMX«f(i)=Fa M  _ 
X2tn=Xi:(U-(F2-S,uMX<J(I))*RK(NGS) DI2{I^

0 

S^f'-^V?!1' ? iFi! * StJMX3«I') • RR(N6S) / RR(NMC)              PTRA2660 
c.R J    v" f  + ,F2 * SU^3(I)) » RR(NGS) ♦ RR(NMU) 
FLiIl = X2(I) 
TH(I) s TK(I) - (F2 - SU,/X3(I)) * KR(NGS) * RR(NMU) ♦ RR(NMU) 

IF (1-IAX) 53U.bUG.5UU „IS*?!70 
520 F2=0.Ü PTRA2680 

60 TO '♦00 PTRA2690 
530 CONTlNUt PTRA2700 

If   (AbSURUbC) .LT. l.t-20)  GO To 539 PTRA2710 
C       ÜEBUG PHINT OF INTLNSITIES 

JJJ = JJ + 1 
IF (JJJ .EO. 1) «KITE (6.a) 
WHITE (6.10) JJJ. KK(f4MU) 
«KRITE (6.9) nr„.„„ 
ÜÜ 65  I = IAX. IbXPl RED10920 

65 «(RITE (6.5) I. SUKX3(I). SUMXUd) 
5 FORMAT (I«». IPEH.t. El«*.7 ) 
8 FORMAT  (28HlPLANt THAPJSPOKT DEbUG PRINT/) REniQfeun 
9 FORMAT  (7X1HI. 7X7H1 RIGHT. 8X6HI LEFT)                          !iSJ2^2 

lO^FORMAT  (27H GAUSSIAN QUADRATURE ANGLE 12. 17H WHOSE COSINE Is FuSSlOwS 

IF (TROBG .GT. bö.)  TRÜOG = TRObG - 69.                          "£010670 
539 UHNUrHNUP-HNU DT„.» 
540 JJ s JJ ♦ 1 PTRA2810 

NMU = NMU ♦ 1 PT»«Sf2 
NGS = NGS ♦ 1 DTD.O  

0 

IF (JJ-NY) l«»ü.l<*0.550 OTOA!!!?
0 

550 UO 560 I=IAX.IbXPl oT„tS!50 

560   X2(I)   =   X2(I)»  2.ab2E12 DT?™0 

FNO PTRA2aao 
PTRA2890 
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öTT FüH STHMNS/S» ST.IANS/S» ST,<ANä/Sl 
SUÖROUTINE  STr<ANS«N»M) 

CoMPILEJ  OCTOdtR 9» i'ibl     *0L 
C     MOUIFItO fOli   COMHTON SCATTERING AMU IMPROVED LOGIC 
C     ANGULAR INTEGRA riOrjS 0') LINcAR FORM 
C     CONNECTED LINüMR-WUALRAT1C INTERHOLATION AT X=0. 
C     EPSI I5> T LIMIT OF EDIT fUbt 
C     LMÜAU6) IS INTERFACE INDEX OF EDIT TUBE APERTURE 
C 

c 
c* 
c« 
c* 

TRAN  20 
TRAN  30 

SPUTTER        COMMON 

COMMOH 
1        KMAX 

II 
IIH1 
FKbU 
CVA 
EM INA 
RHUL 
RPiA 

COMMON 
1        OMAX 

6AMA 
ROIA 
S* 
su 

ASG 
OELR 

COMMON 
1      H 

w 
X3 
SMLA 
EC 
BIuu 
CHIR 
CRTHC 

COMMON 
1 FRLM 
2 ZP1 
3 RL 
4 HEAJ 

2 
3 

b 
6 
7 
a 

LMDA{37) 
• ULAiMl 
• IG 
,   IGM1 
• CNT-tAX 
i CVil 
■ EMl>Jti 
• RriOR 
» RPIb 

TD 
DTMAA2 

r ROIAM1 
• ib 
t   S13 
• CO 

(lb2). 
( 37)» 

1. 

(Ib2)» 
tlt.2). 
(1S2)« 
(lb2)» 
(1S2)» 
(152)> 
(ib2). 
(152)• 

37). 
37)> 
37) r 
12)» 

H 
^2 
E 
ü 
XH 
SMLi3 
EU 
CV 
CAHAC 
GDFR 
TELM 
MLM 
ZP2 
RHUK 
MAXL 

NK • 
bLAJKZf 
NRAD • 
IALPHA» 
AR I 
SLUG i 
CA * 
EPIO • 
RPDIA . 
TE . 
bTMAX3» 
SICMAjt 
ROIU • 
S6 ' 
SI1* • 
FÖ ' 

(1S2) 
(152) 
(152) 
(152) 
(152) 
(152) 
(152) 
(152) 
(152) 
(152) 
(152) 
( 37) 
. 37) 
( 37) 
(104) 

I^SMLR • 
ÜLANK3» 
ULANKH» 
oLANKb. 
ASMLR . 
ALPHA . 
CU • 
EPSI > 
RPOIt» » 
DTH2 . 
DTR » 
AC • 
ROIBP1. 
S7 
S15 
TAU   • 

• VD 
. PI 
i SV 
. El 
• 0 
> X5 
> SMLC 
> SMLO 
I BC 
> CAPAR 
. FEW 
• EKLM 
i OLM 
> SOLID 
l RDK 
l MAXLM 

IA 
IAP1 
IAM1 
TH 
PUSHA 
NVA 
GA 
RIA 
TPRINT 
ÜTH2P 
SWITCH 
AC03T<t 
GMS 
S8 
S16 
2ERO 
(152) 
(152) 
(152) 
(152) 
(152) 
(152) 
(152) 
(152) 
(152) 
(152) 
(152) 
( 37) 
( 37) 
( 37) 
dO«) 

IB 
IUP1 
IBM1 
TMAX 
PUSHB 
riVB 
GB 
RIB 
TA 
OTHl 
CO 
CNWRT 
Si 
S9 
S17 
H 

ROD 
PB 
RMO 
EK 
C 
Xb 
SMLD 
SMLH 
BR 
CHTC 
CAR 
ELM 
AMASN0( 
ECHCK ( 
TMETAKl 

152)' 
152)» 
152)» 
152>» 
152)* 
152) > 
152» • 
152) • 
152)* 
152> 

• • 
•« 

108 » 
ICBP1 • 
IC8M1 i 
DELPRT. 
BOILO , 
HC8 • 
6R * 
RDIB • 
TC 
DTMAX • 
DELTA i 
SUMRB • 
S3 • 
Sll • 
S19 . 

0ELTAR(152)> 
SMLH (152)» 
PB1 (152) 
THETA (152)» 

ICA 
ICAPI 
ICAM1 
BLANK6 
BOILA 
HCA 
6L 
RDIA 
TB 
DTRMIN 
CMIN 
SUMRA 
S2 
S10 
S16 

A 
X2 
XT 
SMLE 
RIGA 
CHKC 

152)» CRTR 
1S2>» OKLM 
37)» 
37)» 
37) 

FCLM 

(152). 
(152). 
(152). 
(152). 
(152)» 
(152)» 
(152)» 
( 37) 
( 371, 

CHRNO ( 37)» 
RK 

10*)» TEMP 

C 
c 
€♦*• 

c 

(104). 
( 16)» 

• • 

••♦♦♦••••♦••••♦».•••»♦•♦.«♦♦♦.♦»•♦••••••♦♦•••••••• •••••'••••••*.. .,„ 

COMMON /LINOLY/ MNU»SGNL»IHNU»NHNU»«NUP»NT.IM»IN.DHNU»THICK»NT    THAN <I50 
THAN *«0 

COMMON /DAVIS/  X('»000)» ICX» ICY 
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COMMO« /JIM/ HH»   F-'U.  <1. 
2 fS« L^f' LMlt 1^N> Tül. 
UIMEKS10N 

1 MJ    (i). 
i 9*1       (11• 
4 T      (11* 
* FW»   (1) 

tyUIVALtNCt 

CiUU 
H*» 

12 

111» 
U). 

(11. 

KM 

SOHX2 
OX 

HO» 
F2 
(1)» 
(1)» 

(lit 

IST» II. 12» GMP. Al» A3» FMUS» 

f-M 

■a 
SUMX3 
FL 

U). 
(1>» 
ID» 

N 
T6 
SUM XI» 
TR 

(1)» H2 
(1)» 03 
(1)» X8 
(II» FSM 

C 
c 
c 
c 
c 

cC 

c 
c 
c 

I 
c 
c 

s 
c 
c 

! 

c 
c 
c 
c 
c 
C 
c 
c 

1 
2 

<Ui6U 
(CHIN 
( Pb 
(SMLA 
(CR 
(XS 

» H 

••a 
• FM!> 
tFM 
»r2 

(AC03T<«»THUH6)» (BC »SUMX<«)» 
>. U ■   .MJ   I» (CAR »037 )» 
). K an »SUMX2i» (X7 »PR )» 
)» (S12 »EUITMF'» (EC »HS )• 
>» (S.1Cb »FL   I» (SMLC »TR )» 
I» (V    »T6   )» (SMLO »FS^ )» 
I» (XH   »XS   I» (SMLE »FSP ) 

dl» 
(11» 
(1I»P 
(1I»P 

P 
P 

(BIGA »Y    l»P 
(CHIC »SUMX31»P 
(GOFR »33   l»P 
(  N  »OX   ).P 
(SHLH »Ml   l»P 
(CRTC »CSQD ),P 

P 

OX CONTAINS X FROM THE PREVIOUS Y LINE 

csau 
EOITMF 
01 
FM 
H 
H2 
H3 
M^ 
PH 
FMS 
FL 
TR 
FSM 
FSP 
T2 
OX 
TG 
03 
037 
038 
SUMX2 
SUMX3 
SUMX4 
TROBG 
T 
xe 

SAME 
bAME 
SAME 
SAME 
SAME 
SAME 
SAME 
SAME 
SAME 
SAME 
SAME 
SAME 
SAME 
SAME 
SAME 
SAME 
SAME 
SAME 
SAME 
SAME 
SAME 
SAME 
SAME 
SAME 
SAME 
SAME 

*5 
A^ 
AS 
AS 
*s 
AS 
AS 
AS 
AS 
AS 
AS 
AS 
AS 
AS 
AS 
AS 
AS 
AS 
AS 
AS 
AS 
AS 
AS 

CRTC 
S12 
PH 
EH 

HIGb 
EC 
BR 

SMLH 
X7 

SMLA 
SMLO 
SMLC 
SMLO 
SMLE 

XS 
M 
V 

GOFH 
CAR 

CHIR 
CRTR 
CHIC 

BC 

• P 
• P 
• P 
• P 
«P 
• P 
• P 
• P 
*P 
«P 
• P 

AS AC03Tii 
AS BX6A 
AS Xi* 

550 

570 
580 
590 
600 

6e>o 
680 
690 
700 
710 

7i»0 

760 
770 

UXSN 
IBXSM 
THICK = 0.0 
ITUet S LMDA(2r,l 
IF (CdTUBCI .LT. EPSII  GO TO 1 
XTUBt I SORT(CSOO(ITUdEI - £PSI*«2l 
CALL OVCHKIKXI 

*p 
•P 
«p 
•P 830 
•P 840 
•P 850 
«p 860 
»p 870 
•P 860 
•P 890 
•P 910 
•P 
•P 9i»o 

.»..«•TKAN 930 
TRAN 940 
TRAN10«»0 
TRAN1050 
TRAN1060 
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GO TO (i»3)» KX 
1 S1=1(».OOU1 
CALL UNCLE 

3 IBXPl=IbX+X 
IALPHA=ALPHA 

EKROH If- NOT SPHERE 

60 TO (b»5»7)» IALPHA 
b S1 = 1<».U005 
CALL UNCLE 

SPHEKE ONLY 

7 IslBXPl 
FS -   U.U 
FMU =0.0 
LKI = 1 
IF (lüX - IM)  J7. br 11 

8 F2 = 0.0 
IF (GL .tiT. ü.)  F2 * X6(IM+1) 
00 TO 23 

ERROK IF IUÜEX EXCEEDS NORMAL RANGE 

TRAN1090 
TRANllUO 
TRAN1110 
TRAN1120 
TRAN1130 
IRANIlun 
TRAN1150 
IRANI160 
IRAN1170 
IRAN1180 
IRAN1190 
IRAN1200 
TRAN1210 
IRAN1220 

IRANI250 
IRAN1260 
IRANX270 
IRAN1260 
IRAN1290 

11 51=14.0011 
CALL UNCLE 

C«*«««««««**«*««*««««««*«««**•*«««««***«*«*«*«*«««*****«*««*««**«*««*««*TRANl3üÖ 
C ♦IRAN1310 
C CALCULATE   Y=0   RAY ♦TRAN1320 
C »TRAN1330 
C*»***«*»**«♦♦»*•*»♦«**»«*•**»•«♦*••«*♦*»«•♦»♦••*#»«♦»♦♦»»•*♦,♦«♦♦♦♦♦«♦»TRAN1340 
C 
c 
c 

c 
c 
c 

LHS OF RAY FIRST» STORE F2 IN SUMX3. 

13 U = I + 1 
12 s I 
Rl = -C(I+1) 
R2 = -C(l) 
HO = H2(I) 
UN S I 
TGI = -TGd+l) 
T62 *  -TG(I) 
CALL STEP 

SAVE LHS INTENSITIES IN S'JMX3 

23 SUMX3(I)=F2 
FSMtl) = FS 
IF (Ai3S(TGU)) .LT. 1.E-20I  Y2(I) = X6(I-1) 
1=1-1 
LOF = 2 
IF (AbS(TG(in .LT. l.E-20)  Y2(I) = X6(I) 

. IF (I-IAX) '»7.1J.13 

TRAN1350 
TRAN1360 
TRAN1370 

TRAN1700 
TRAN1710 
TRAN1720 
TRAN1730 

TRAN1750 

TRAN1770 
TRAN1990 
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I 

i 

c 
c 
c 

c 
c 
c 

c 
c 
c 

DIFFUSIOli bOUNJAKY CONDITION AT IBXPI 

37 IF UdSUbd)) .LT. l.E-20)  Y2(I) = X6(I) 
LUF ■ 1 
60 TO li 

HHS OF KAY 

<»7 I = 1AX 
IAXP=1AX 
LHI r 2 
IF IIAX - IN)  11> <m» bi 

48 IF (IN - 1)  11» US*. bO 
<*9 IAXP=iN+l 

KH0(1)=SUMXJ(1)«2. 
PK(1)=SUMX3(1)«•obb7 
60 TO 69 

bO IAXP I IN 
F2 = X6UN-1) 
60 TO 69 

DIFFUSION bOUfJJARY CONDITION AT IAX 

bl LUF £ 1 
HMI-D = FKtXP(-H2(l-in 
60 TO 59 

RE6ULAR INTtCRATlüN STEP (Y=OtRHS) 

59 li s I - i 
12 8 I 
RX = C(I-1» 
R2 = cm 
HU = H2(I-1) 
I2N = I - 1 
T61 s Tfa(I-l) 
T62 i T6(I) 
CALL STEP 

SAVE RHS INTENSITIES IN SUMXU 

TRAN2000 
TRAN2010 

TRAN2360 
TRAN2390 
TRAN2400 
TRAN2410 
TRAN2<420 

TRAN2<t<»0 
TRAN2'»bO 

. TRAN2<t60 
TRAN2^90 

TRAN2S00 
TRAN2510 
TRAN2520 

TRAN2830 
TRAN2840 
TRAN2850 

TRAN3120 
TRAN3130 
TRAN3140 
TRAN3140 69 SUMXHCI) S F2 

FSPU) = FS 
0X(I)SC(I) TRAN3160 
IF (AbS(T6(I)) .LT. l.c-20»  Y2(I) = X61I) 
LOF = 2 
1=1*1 TRAN3180 
IF (AüSCTGd)) «LT. l.E-20)  Y2(I) ■ X6(I-i) 
IF (I-IBXP1) 59» 59» 85 

C'*««*«****•***«•**************«*«*****«***«««**♦*«****«**•***«******«««TRAN3470 
C «TRAN34B0 
C COMPLETE   Y = 0   RAY ♦TRAN3'»90 
C ♦TRAN3500 
Cm***************************************************************t******JRIM3510 

85 YSQOPSO.O 

148 



• 

AFWL-TR-67-131, Vol III 

c 
c 
c 

JJ=1 
JJJ=1 
KK=1 

SE«HCH FOR Y-LX.JE. NEAR HALF OF CUAX) 

TRAN3530 
TRAN35<*o 
TRAN3550 
TRAN3560 
TRAN3570 
TRAN3580 
TRAN3590 IT  =   1AX  +   1 

60 TO 283 

^•••••♦•••♦•••♦•••«•♦••♦♦♦••»••••••••♦•••••♦••••♦•••♦«••••••••••••••••••TlUMrttt« 
C e   cr   T , „ •TRAN3630 
C StTUPY-LlNES •TRAN36^o 

«••••♦•*•••• ♦♦*♦ ♦♦*♦•*♦ *•♦♦ ,.„ ••••••••«TSSSS 

c 
c 
c 

FXRST. TEST IF Y LIES OUfSIOE OF ACTIVE MESH. 

07 IF (JJ .LE- NY)  60 TO öd 
SI X I'i.UOb/ 
CALL UNCLE 

08 IF (CJlaXPl) .LT. Y(dJ) • l.OOOOOU  GO TO 127 
Y-LINE IS INSIUE ACTIVE -IESH. 
IF (C(IAX)-Y<JJ») ay,.107.97 

89 IF (C(IT) .GT. Y(JJ) « .999999)  GO TO IÜ7 
IT s IT ♦ 1 
60 TO 89 

97 IF <C(IAX-1) - Y(JJ)»  9ö. 107. 98 
98 IF (Cl .LT. 0.5 * (YUJ) ♦ Y(JJ+1)))  GO TO 103 

JJSJJ+1 
KK=KK-IFIXtX(KK + l))-f2 
60 TO 87 

SEARCH FOR Y-LIuE NEAR THREE QUARTERS OF C(IAX) 

TRAN36V0 
TRAN3680 
TRAN3690 

TRAN3730 

TRAN3790 
TRAN3800 
TRAN3810 
TRAN3820 
TRAN3830 
TRAN98<»0 

TRAN3870 

TRAN3880 
TRAN3890 
TRAN3900 

• TRAN<tl70 
•TRAN0180 
• TRAN'*190 

103 Cl=CH-ü.2b*C(IAX) 
CaLCULAöLE Y-LINE FOUNÜ ~ PROCEEU 

107 YSQDHS-XUK) 
FMU = YSQOP 
KSKK+IM-I3X+2 
TE.MP(b)=YSOüP-YSQül 
60 TO 167 

C 
C COMPLETE X2 INTE6RATI0N «HEN LAST Y-LINE USED 

c 
127 D0 »« i=iAxp.ibxPi nSSSu 

C      ANGULAR INTE6RATI0N OF X2 USIN6 LINEAR INTERPOLATIOM SSSSO 

FNL = SUMX«»(1) - SUMX3(I) TRAN«I2«»0 
XSQ = 0X(I)*»2 
X2U)   ■  X2(I)   ♦ FNL  •   (XSQ  ♦  XSQ) 

129  IF   (IBX-IM)   131.13b.171 TRAMftaon 
131   IF   JI-IAXP)   171.133.137 TRANUSnn 
133 XSsSuRT(CSaD(IBXPl+l)-CSaD(IBXPl)) TRANMlO 
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00   TO   13 7 
135 FMIItiXPDsO.b 
I3T  TEW»(b»sCSOU(lHXHl)-rS^l 

TEMP(lX)s  C!>(*U(IJ-YS<.3l 
FUSITtMHIJl»*<FM(XbAH)*r.lUüXPX))*(CSOO(IbXPl)- 

1 CS6ü(I»)«CSo;.,X<»(I..X(»)*iUMXi(IAXP)))/TeMP(5) 
Fux = SUMX-jm  ♦ suyxmi» 
FP  =  FLX   ♦  Fu 
FPL  =  FP   ♦  FLX 
R»K>(I)=HHO(II>OX(l)*rP 
P«tl»   S  PK«I»   ♦   X&Ü   •   I^PL   ♦  FLX)   •  oxm 
THd)   ■   TMi)   ♦   XST»»t   •   FtJu   •   H. 

139 CONTIi«Ot. 

C 
C 

\ 

TRAN'ta^O 
TRAN«»350 

COMPLETION   ÜF   X2   INTEGRATION 
EUU   OF   TRANS   REGION 

A T 

1*7 
m 

152 

153 

*!*•!•••••*'*•**••*••••••*♦•'*•*•♦♦•♦•••♦•*♦••♦•••••*••♦ 
00   151   l = IAX»ItiXPl 
IF   (I.EO.ll   60   TO  151 
PR (I)SPN(11 •, 0H33I*/ (CS <L (I) «C (1) ) 
RHO(I)=RriO(I>*ü.5u/C(I) 
FLCI) s .1666667 • Xidl / CSOÜ(I) 
IF (I .GT. 1)  CO TO 147 
TRCIi s 0. 
60 TO 151 
TRCI» S TRtI! • .«5 / CSiO(X)««2 
X2(I)sX2(I>*1.02oL12 
CALL UVCHKIK*) 
60 TO (152* 1531• KX 
SI : 11.0152 
CALL UNCLE 
RETURN 

TRAlMMo 

• «TRAfWSOO 
•TRAN1510 
♦TRAN1520 
• TRAN<»530 
♦TRANM5O0 

••TRANU550 

TRAN<»690 
TRAN*»700 

TRAN«»730 

C   •••••••♦•♦•••••••»«»•..... .    .... TRAN<»7(*o 
C 
c 
c 

TTPICAL        T.-LINE        INTE6RATI0N 

C 
c 
c 

167  ISIUXP1 

rRAN5230 
•TRAN5240 
♦TRAN5250 

LHS CALCULATION FIRST»STOKE F2 IN FH TRASSISJ 

TRAN5300 
FS s 0.0 TRAN5310 
Uli « 1 
IF tlbX • IMI  173* 166* 171 

168 F2 ■ 0.0 
IF I6L .6T. 0.)  Ft a X6(IM*1) 
60 TO 205 

C ERROR   IF   It.OEX  EXCEEDS NORMAL RANGE TRANMsS 

171 siau.oi7i j;;^; 
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C 
c 
c 

CALL  UNCLE. 

DIFFUSION BOUIJUAHY CONDITION AT IdXPl 

X6<n 173 IF UBSMöU)) «LT. l.t-JO)  Y2(I) 
XÖ(I*i) = X(K-l) / C(I-»1) • TOdn» 
LOF = 1 

C 
c 
c 

SAVL X« FOR KH^=(uIFF INTENSITY) 

181 Xd(I)=X(K)/C(I)«To(I) 
HO S (X(K-l) - X(M) * H(I) 

HE6ULAR INTEGKATION STtPtLHS) 

C 
C 
c 

11 = I ♦ 1 
12 • I 
Rl = -XtK-1) 
H2 = -X(K) 
IZN z   I 
TGI ~  -Xü(I*U 
T&2 = -Xü(I) 
CALL STEP 

SAVE F3 OF LHS IN FM FOR INTEGRATION. 

191 FM(I)=F2 
FSM(l) s FS 
IF IAUS(TG(1)) .LT. 1.E-2U)  Y2(I) = X6(I-l) 
1=1-1 
LUF £ 2 
K=K*1 
IF (Abb(TGll)) .LT. l.t-2Ü)  Y2(I) = X6(I) 
IF (I-IAX) ^j9rl9J.19J 

193 IF (X(K)l 19b>207>iei 
C     Y-LlNfc HAS MAUE CLOSEST APPROACH 

19b TEMP(2)=SQRT(DELTAR(I)*U.0*C(I)+DELTAR(I)n*H(I) 
IF (AbS(TEMP(2)> .LT. l.t:-2ü)  GO TO 223 
HU = X(K-l) * Htl) 
TEMP(l) = HU ♦ HO 
U = 1 ♦ 1 
12 ■ I 
Rl s -X(K-l) 
R2 = 0. 
IF (TEMP(l) - .U2)  197. 197. 201 

C     THIN LHS       XK=0. 
197 TEMP(16)=(Y2(I*l»+Xb(II)*U.b*TEMP(l)+(0.667«V2(I)-0.5«Y2(I*l> 

1  -0.167*X6(I))*TEMP(2) 
NN = 0 
CALL SCAT 
(1 = AMAXKO.. 1. - KMUS / H(I)I 
F2 = FS ♦ F2 ♦ (1. - TEMP(l)) ♦ Q ♦ TEMP(16) 
GO TO 223 

201 H4(I)sFRtXP(-TLMP(l)) 
C     NORMAc LHS   XK=Ü. 

TRAN5380 
TRAN5390 
TRAN5i»Ü0 
TRAN5H10 

TRAN5730 
TRAN57<»0 
TRAN5750 
TRAN57bO 

TRAN5760 
TRAN5790 
TRAN5800 

TRAN6110 
TRAN6120 
TRAN6130 
TRAN61tO 

TRAN6160 

TRAN6170 

TRAN6190 
TRAN6200 

TRAN6210 

TRAN6310 
TRAN6290 
TRAN6300 

TRAN6380 
TRAN6390 
TRAN6<»30 
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c 
c 
c 

UU   = I 
TtMP(7ISFHEXH(-Tt^P(i)I 
TcMP(ii>=(X6(I)-y<i(I))/TcMP(2)*»2*2.0 
TEMP(lb)=(X6(I)-Y2(l*l))/(TtMP(l)-TEMP(2)) 

.4VEAT.  H<* IS THE SOOAhE OF ITS FORMAL VALOE. 
EST = 1. - HHUJ 
CALL SCAT 
Q = AMAXKO.» i. - KMUS / H(I)) 
F2 = FS ♦ ^«i • H<»(i) ♦ u * IY21I) ♦ TtMP(lJ) 

2 Ub)   -   TEKPCIJ» « (TE,!P(2) ♦ 1.)) ♦ M<*(I1 * 
GO TO 223 

FIKST TKANSPOt-'T ZONE ON LHS 

♦ TEMP(7) 
(TEMPdS) 

C 
C 
C 

205 X8(I)=XlK)/C(I)«TG(I) 
ÖO TO 191 

X =  ZERO ERRÜK 

C 
C 
c 

2Ü7 Sl=li>.ü207 
CALL UNCLE 

219 S1S1<*.0219 
CALL UNCLE 

221 F2S0.Ü 
60 TO 22S 

UP T-INTEORATION TO X=0 

C 
c 
c 

223 IF (F2.LT.0.) GO TO 221 
22b FM(I)=F2 

FSM(I) s FS 

TRAN6<»00 
TRAN6<»lo 
TRAN6420 

♦ (-TEvjP 
- Y2<I*1))) 

TRAN6<»Pn 
TRAN65S0 
TRAN656n 
TRAN6b7o 
TRAN6b80 
TRAN6590 
THAN6600 
TRAN6610 
TRAN6620 
TRAN6630 
TKAN66i»o 
TRAN68<«0 
TRAN6850 
TRAr46860 
TRAN6870 
TRAN6880 
TRAN6890 
TRAN6900 
TRAN6910 
TRAN6920 

FORM TOP SLICE COuTRIBS TO X2 

00 231 J=IAXPtI 
TEMP(ll)=cSüOlJ)-tSODl 
FNL s SUMX^MJ) - SUhX3(J) 
XSQ s 0X(J/**2 
X2(J) = X2tJ> + FNL • (XSU ♦ XSG) 
FUS(TEMP(ll)»(FMtl)*F2)*{YSiiDP-CSQU«J))«(SUMXU(IAXP) 

1   ♦SUMX3«1AXP)))/TEHP(5) 
FLX s SUMX3(J) ♦ SUMX<»(J) 
FP = FLX ♦ FU 
FPL s FP ♦ FLX 
RHO(J)=hHO(J)*OX(j)»FP 
PR<J) S PR(J) ♦ XSQ • (FPL ♦ FLXJ • OX(J) 
TRiJ) s TR(J) 4 XS0**2 * FNL * H, 

231 CONTINUE 
LRI = 2 
LOF S 2 
IAXP=I*1 
SUMX3«I)=F2 
SUMXi» (I) =F2 
IsIAXP 
KSK-1 

TRAN6930 
TRAN69<»o 
TRAN6950 
TRAN6960 

TRAN7080 

TRAN7130 

TRAN7140 
TRAN7150 
TRAN7160 
TRAN7170 
TRAN7180 
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c 
c 
c 

iF(ABS(TtMi>(7n.l.T.l.t:-2UI00  TO 2b'     OeLtTCO  3/16/67,   FCT 
U « I - 1 
12 s 1 
HI  «  u. 
Hi  =   X(K) 
IF   (TLMH(l)   -   .02)      23J.233.237 

SMALL  OPTICAL   JCHTH  EXCAffSlOH   (x:0.RHS) 

CaVLAI, 

Zii  NU  =   Ü 
CALL   SCAT 
it  M  AMAXKO.t   1.   -  FMUS   /   H(I-l)) 
F2  s FS  ♦  F2   •   (1.   -   rtKPUII   ♦  0   •   TfCUb) 
60  TO  2b7 

C NORMAL  KHS        t**9i 
2*f  Hit   =   i 

Hi»   IS  THE   SUUAKE   OF   ITS  .tOKMAL   VALUE. 
EST = i. - Mwd-i) 
CALL  SCAT 
0  =   AMAXKO..    I.   -  FMUS   /  H(I-I>) 
F2 = FS  ♦ F2  • HH(I-U   ♦  (    •   (y2III   ♦   TfPtiS)   ♦ F»EXPI-TE»'Pt 11 

2 TEMP(2))   •   (-TtMHIlS»   ♦   »t.^P(l3J   •   (1.   -  TEMP(2)II   - H6JI-II   • 
3 (Y2(i-1) ♦ TEMPdAD) 

2b7 IF If-2 .LT. Ü.)  F2 s 0. 
60 TO 259 

C 
C CALCULATE fHS T-LINE INTb&KATION 
C ARRIVE HERE IF 1-L.IUL   iNlbkSECTS iNtlER RADIOS 

239 IAXP=IAX 
I=IAX 
K=K-1 
LKI a 2 
LÜF s 1 
IF (IAX .N£. IN .OR. IN .EQ. 1)  60 TO 238 

C     ULACKUOUT 
P2 = X6(lN-l) 
60 TO 2S9 

238 IF (XIK + U)  24üf 2U7. 2<*1 
C DIFFUSION bOUtlDARY CONOiriON M>CN X=0. 

240 XS(I-l) ■ 0. 
HO = X(K) • H(I-l) 
Rl ■ 0. 
60 TO 2<»2 

2HX X8CI-U=X<K*H/CJI-i)»TG(|-il 
HO = <X1K) - XJKnn * H(I-I) 
Rl s X(K*1) 

242 HHd-l) ■ FREXP(-HU) 
C 
C DIFFUSION UOUNUART C0I40ITI0N  AT IAX 
C 

60 TO 250 
249 HU  ■   lx(M-*lK-tU)»Hll-l) 

Rl = Xi?>*i) 
250 II = I - 1 

12 s 1 

TIIAN7240 
TRAN7250 
TRAH7270 

TRAN7340 

TRAN7430 
TRAN7MI0 
TRAN7450 
TMAN7460 
THAN7470 
TRAN7480 

TkANTSOO 

TIUN7530 
TRAN7540 
TRAN7b50 
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ft4  S   X(K) 
UN   =    1    -   1 
101    =    XüU-i) 
T62  s  Attd) 
CALL  STLH 

c 
c ANGOLAN   INTt 
c 

>C2  USING  LlNf AR   INTEHPOLATIOK 

♦ X<K) ♦ OX«!)) • TNU ♦ <OX<I) ♦ OX<I) ♦ 

2^9 FNU  B ff • FM(1) 
FML  =   iUMXMi»   -  bUhxill) 
FXM=UAI1)-X(K) 
X2(l>   ■   X2I1I   ♦   ((XIK) 

2  XIK})   •  FNL)   •  FXM 
It-'   (1   .NL.   Hunt)     GO   fO   2fcj 
IF   (E.FS1   .GT.   T(jj))      &o   10  2bl 
IF   ttHi.1   .Lf.   rLMf(v))      uU   TU   ?oJ 
THICK s THICK ♦ HXTUUL ♦ xiuut ♦ üXCD) ♦ F2 ♦ coxcn ♦ ox(i) ♦ 

2 XTUbL) • bUWAxti)) • (OA(1) - xTjnt) 
GO TO 2(>j 

261 THICK = THICK ♦ C(X(K)  » X(K)  ♦ OX(I)) ♦ F2 ♦ (OXJI) ♦ OX(I> ♦ 
2 XIK) ) • SUHXMin * 10X11) - XIK) > 

26 J fU-ft- il) *f i 
FLX s SU* 411) • SUHXmi) 
TtNHIoJSOSlDtOXII) 
TeMPI7)SXtK)»X«K) 
FXKsOXimxiK) 
FXH3 s FiTMa 
FMl s FU - FLX 
HHOII)=HHO11)*fKMmIFU^FLX) 
PHII) S HHII) ♦ FXH • ITcHPl6) ♦ TEMPI?)) • FMl ♦ «». • 

2 IFLX • OXII) • TtMPItj) - FU • XIK) • TEMPI?)) 
THII) = THII) ♦• FXM • IFiJL * IFXP3 ♦ 0X11) • (3. • TEr.-.Pl6) - 

2 TtMPl?))) ♦ FHU • IFXPJ ♦ XIK) • 13. • TEMP(?) - TEKPI6)))) 

TRAN8120 
THANSIJO 
THAN8U0 

c 
c 
c 

SAVE  F2  ANÜ FM FOK  NEXT T-LINE 

SUMX<»II)s-2 
<>UMX3II)SFMII) 
FSHII)   s  FS w            m 

OXII)SX(K) 
IF   lAttSITGU))   .LT.   l.E-20)      Y2(l) ■   Xfa(I) 
ISI«1 
KSK-I 
LOF  S a 
IF   lAtfSITGll))   .LT.   l.L-20)     Y2II) ■  X6II-1) 
IF   II-IbXPl)   2<»V»2<»9*2a3 

c 
c OCbUG PRINT 
c 

Hi  CONTlNUt 
OHNUSHNUP-HNU 
IF lAuSITROBO) .LT. l.E-20)  GO TO 301 
CNTI   s   SOUUdrti   *   1.0 
■HITE   16*307)     HNU*   HNUP»   IHNU'   Cut I 
«NlTk I6»94>9) riUUi 

TKAN8340 
TRAN8350 
TRAN8360 

TRAN8380 

TRAN8370 

TRAN8H10 
TRAN8«»20 

TRAN87H0 
TRAN8?50 
TRAN8760 

THAN8780 
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c 
c 
c 

«KlTL    IbOU)    JJ.IAXrl.iX 
«KITE.   IbOlb) 
1AXP1=MAX0 <IAX11AXP-1) 
0Ü  294   I=IAXP1>XUXH1 
IF   tJJ.OT.l»   Gu   TO  297 

PK1NT   y = 0   INTE.OHATION 

C 
c 
c 

29b   *KlTt(b.JlJ) I.C(I) .Xu(I) .X(UI) .M^CD.KSMd) , 
2FäH ID» SUMX J (I) i SUNiXi* (I) . X2 (1) 
00 TO 299 

PRINT REGULAR Y-LINE INTtGRATION 

TRAN8850 
TRAN8860 
TRAN8870 
TRAN8880 
TRAN8890 
TRAN8900 
TRAN8910 

TRAN8930 
TRAN8950 
TRAN8960 
TRAN8970 
TRAN89II0 297 KKK=KK-I*1M*J 

WKXTHu.JlJ)i.X«KKK),X6(I).XÖ(I).H'*(I).FSM(i), 
2FSH (I ) • iUMX J (I) »Su"X'»(1) . X2 (I) 

299 CONTINUE TRAN8990 
IF (TKÜUG .GT. 68.)  THUiiö = TKÜBG - 69, 

301 IF (JJ.Eb.l) GO TO 303 TRAN9000 
C'******************* **************»*9**»************^******¥***********JRAH90lQ 
C «TRAN9020 
C. EDIT        A  MOT-LINE       ADVANCE •TKAN9030 
C ♦TRAN9q<»0 
Cf**********************************************************************THM90bO 

KK=KK-IFIX(X(KK + in+2 TRAN9060 
303 YSQ01 -   YbQUH 

TEMP(9)SY(JJ) TRAN9080 
Jd=JJ+l TRAN9090 
60 TO 87 TRAN9110 

307 FORMAT  (3ÖM1Y-L1NE PRINT FOR FREoUEMCY BAND FROM F9.3» 5H  TO F9, 
23r I0X7HIHNU ■ I2r lOXbHCYCLE F5.G> 

309 FORMAT (/bH Y ■ 1PE10.5) TRAN9130 
311 FORMAT (bH JJ = I3»10X7H IAX I I3*10X7H IBX = 13//) 
313 FORMAT (IIW1P9E14.7) 
315 FORMAT (3X1HI•13XlHX»12X2HXot12X2HX8* 

212X2HH'» 111X3HFSM > 11X3HFSP19X5HSUMX3. 
39XSHSUMX<I • 12X2MX2) 
END TRAN9210 

155 



 i. 

AFWL-TR-67-131, Vol IH 

8lT STEP/bLl 
— 1 • 

SUBKOUTIhE STEP T 
COMPILED  oUNE 22' 1967 kUL T 
c ♦ T 
c« S P U T 1 t K   C ( ) M M 0 N ••T 
c« ♦♦T 
c« •♦T 

COMMON LMÜA(J7). NH    • USMLR . IA . IB . ICA   . IC8   .T 
1   KMAX t bLAtJKl» tiLuur^f bLAtlK3 . IAP1 . IBP] I  . ICAP1 . 1CBPI ,T 
2  II f   IG   f NKAU  / ULANK4 > IAM1 . IBM1 I  . ICAM1 , ICBM1 ,T 
3   IIH1 t   I6M1  r UUfiAi 0LANK5 . TH . TMAX  . BLANKS, OELPHT.T 
H       FREQ . CNTMAXr AK    » ASMLR » PUSHA . PUSHB » 00ILA . BOILÜ .T 
b   CVM 1 CVb   » SLUG  » ALPHA . HVA . HVB . HCA   . HCB   .T 
b   EM1NA , EMIUH   , CM    i CB > 6A . G8 . GL GR    »T 
7  RHUL • KHOK  • EPIO  » EPS I * RIA . KIR . RDIA  . ROIB  .T 
8  RPiA i RPIH  . HPOIA , HPDia . TPR1NT. TA . TB TC    T 
COMMOK Tü   » Tt    . UTH2 . DTH2P . UTH1 . DTRMIN. DTMAX »T 

1 * OtMAXlf 0TMAX2> DTMAX3» UTR SWITCH. CO . CMIN  . DELTA .T 
2   6AMA • riCKlT , SIGMAO» AC ACOSTH. CNVRT . SUMPA . SUMRB .T 
3   ROIA t   ROIAMI. ROIH , r<OIHPl 6MS . SI . S2    . S3   .T 
H   S<» I S5    l 86    . S7 S8 . S9 . S10   . Sll   .T 
5   S12 f   S13   » sm  • SIS S16 . S17 .sie  . S19   .T 
6   S20 i EO   • FO    » TAU   i ZERO . R (152). 0ELTAR(1S2).T 
7  ASQ (152). HO (152)i VD (152). RDU (152). SMLR (152),T 
a  DELH ( 37Jf P (lb2)i PI (152). PB (152). PB1 (152) T 
COMMOi4 P2 (152)> sv (152). RHO (152). THETA (152).T 

1  M (152)» E (152)i El (152). EK (152). A (152),T 
2  V. Clb2). G (152)i U (152). C (152). X2 (152).T 
3  X3 (152) > *<* (152). X5 (152). X6 (152). X7 (152),T 
H     SMLA (15£)» SMLÜ  (lb2)< SMLC (152). SMLÜ (152). SMLE (152),T 
b     EC (152)> EK (152)) SMLQ (152). SMLH (152). BIGA (152),T 
6  BI&U (152)« CV (152). BC (152). BR (152). CHIC (152),T 
7  CH1K (152)» CAPAC (152)i CAPAK (152). CRTC (152). CRTR (152),T 
Ö CRTPC (152)> 60FH  (152)i FEW (152). CAR (152). OKLM ( 37) T 
COMMOU TELM  (37)i EKLM ( 375. ELM (37). FCLM ( 37),T 

1  FRLM ( 37)« WLM ( 37)i QLM ( 37). AMASNO( 37). CHRNO ( 37).T 

2 2P1 ( 37). 2P2 ( 37)i SOLID ( 37). ECHCK ( 37). RK (10H),T 
9 RL- ( 37)f KHOK  (1Ü4). RDK (10«»). THETAKdO«»). TEMP ( 16).T 

c 
*» HEAD ( 12)* MAXL      • MAXLM T 

T 
c                                                       *•■ 

COMMON /JIM/ NN> FMU* Rl> H2f HÜ» EST. 11. 12. GMP. Al. A3. FMUS, T 
2 FS» LDF» LHI. UH TGI» TG2» F2 T 
DIMENSION   CSQU 1). PR (1). FH ID. H (1). H2 (1),T 

1 H3 (1)» H<* 1). FMS (1). 01 ID. TG (1). 03 (D.T 
2 097 (1). 038 1). SUMX2 (1). SUMX3 ID. SUMXt (1). X8 (D.T 550 
9 Y (1)» YÄ D» OX (1). f-'L ID. TR (1). FS* (l).T 

c 
t  FSP fei) 

• 
T 
T 570 

EQUIVALENCE (AC03T<t.TRDBG ). IBC .SUMXt). (BIGA . Y    ).T 580 
1 (ÜIGB » H ). (BR »H3 ). (CAR  .037 ). (CHIC . SUMX3).T 590 
2 (CHIR 'Q3a ). (CRTR »SUMX2 ). (X7 .PR ). (60FR . 03   >.T 600 
9 • ( PB  »Ql )» (S12 »EOltMF ). (EC ,H2 ). (  W  . OX   ).T 
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4 (SMLA   »FMS>      )r    (S.-'Lb   »FL        »»    (SW.C   »TR        )»    (S^tH   »Hi»        »fT 
b (LR        'FM        ),    (V .TG        ).    (SMLU   »FSK     )•   (CRTC   .C5QD   ).T 
6. (X5        »r2        ).   (Xt        »X8        If   -(SMLE   »FSP     ) T 

'*^*0»*^**m************************************************************^ 

OX CONTAINS X FROM THE HKEVIOUS Y LINE 

CSQÜ SAME AS CRTC 
EDIT^IF SAME AS S12 
01 SAME AS PB 
FM SAME AS ER 
H SAME AS BlGb 
H2 SAME AS EC 
H3 SAME A': BR 
m SAME AS SMLH 
PR SAME AS X7 
FMS SAME AS SMLA 
FL SAME AS SMLB 
TR SAME AS SMLC 
FSM SAME AS SMLD 
FSP SAME AS SMLE 
Y2 SAME AS X5 
OX SAME AS M 
TG SAME AS V 
03 SAME AS GOFR 
037 SAME AS CAR 
038 SAME AS CHIH 
SUMX2 SAME AS CRTR 
SUMXJ SAME AS CHIC 
SUMX4 SAME AS BC 
TROBG SAME AS AC03T«» 
Y SA lE AS BIGA 
xa SAME AS xu 

C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
C'••»♦*•♦*••»•♦*•♦•*♦»»»»»**♦****«*♦•••*♦♦*•*♦••*••*•*•♦•••• 

60 TO (20* 2b)» LüF 
C     IF DIFFUSION ZONE» DEFINE STARTING INTENSITY 

20 F2 = V2(U) - Ttil 
25 IF (HO .GT. 0.011  GO TO 30 

C    THIN ZONE 
NN = Ü 
GO TO 50 

C    NORMAL ZONE — DEFINE EXP(-üELTATAU) 
30 NN s 1 

.60 TO (35» «0)» LRl 
35 H4(IZN) = FREXP(-HO) 
40 EST = 1. - HMIZN)**2 
50 CALL SCAT 

Q = AMAXKO.» 1. - FMUS / H(IZN)) 
NN1 = NN ♦ 1 
60 TO (60» 70)» NNl 

60 F2 s FS 4 F2 « (1. - HD - HU) + Q • (((Y2(U) ♦ Y2(I2) 
2 X6(IZN)) • HD) 
60 TO 100 

70 F2 s FS ♦ F2 • H<MIZN)«*2 ♦ 0 ♦ (Y2(I2) - T62 ♦ ((TGI 

............T 660 
•1 67o 
«T 660 
• T 690 
• T 700 
• T 710 
• T 
«T 
• T 7*0 
• T 
• T 760 
• T 770 
• T 
• T 
•T 
• T 
• T 
• T 
«T 
• T 
•T • 
• T 630 
• T eno 
• T 850 
• T 860 
*T 870 
•T 880 
• T 890 
• T 910 
•*T 
•T 9H0 

•••«•«•«•««•TRAN 930 
T 
T 
T 
T 
T 
T 
T 

1 
T 

; 
T J 

) • 0.5 ♦ 

- Y2(ll)) • T 

2 H<*(IZN) *   102 - TGI) * HMIZU) 
100 IF (F2 .LT. Ü.)  F2 = 0. 

RETURN 
END 

I 
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8,T     FOrt       iCAT/HP.SCAT/yp.GCAr/Jr» T 
MMAOuTll«.  SCAT T 

C 6£0t«trHY-INUtHtflUcfn   COf>r>T0.4  SCATTtMlNG T 
C^IWILtO     üCIOJt«   «•   lVt>7     MM. 
C »T 
€♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦•♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦•♦♦♦♦♦♦♦♦♦♦♦♦♦♦? 
C 
C 

COMMON 
KMAX 
II 
IlPl 
FHtW 

CVA 
EMiNA 
RMOL 
PPIA 

1 
I 

«» 

6 
7 
ö 

COMMON 
1 
2 
II 
« 

t> 
7 

OTMAXli 
S/iMA . 
»OIA  i 
SH    I 

S12 
S2Ü 

AS« 
UCLH 

COMMON 
1  • 
i.     V 
4 xs 
«  SKCA 
» tc 
6 üH,ü 
7 CMIH 
• CRTK 
COMMON 

1 FRLM 
t 191 
5 «L 
«.  MCAU 

LMÜAC sn. 

( 16   * 
I I&M1  • 
. CNTMAX« 
• Cvj   . 
• CMINH I 
f HMUH  • 
r HHib  . 

ro       I 
UTMAX2> 
«CMir • 
ROIAMl. 
Sb I 
Sli 
£0 

Ub2». 
(   J7), 

iittit 
(lb2)t 
<1»2)> 
ab2)> 
(lb2)* 
llbii. 
(152)' 
(Ibiilr 

* 
RU 
P 
P2 
C 
CJ 

x<» 
SMcB 
CH 
CV 
CAP AC 
OOFH 
TCLM 
MLM 
19*. 
KMOK 
MAXL 

l«K * 

NrtAU     • 
iALPHA, 
AH . 
SLUG i 
CA    • 
enio i 
HHUU • 
TE » 
OTMAX^t 
SIG'AJ, 
ROM • 
&6 * 
SI« * 
FO l 

(tb2t> 

IIb2>> 
(lb2)> 
(tb2l» 
(lä2)> 
dba). 
(152)' 
US2>> 
(&b2l« 
(lb2lt 
( 971» 
( 97)« 
( 97)» 
IIOH). 

MiNUI t 
uLAl)K9t 
t)LAHK*l. 
aLANKb. 
AbMLM • 
ALPHA t 
cö • 
bPSI  i 
KPOIO • 
UTH2 . 
jrn  . 
AC    • 
rtOIbPl. 
b7 i 
bib » 
TAU  » 
vo 
Pi 
sv 
|] 
0 
N 
SMUC 
SMLO 
uc 
CAPAR 
H* 
EKLH 
ULM 
SOLID 
RDK 
MAXLM 

(152).T 
(152) T 
(1S2).T 
(152)fT 
(152),T 
(152).T 
(152).T 
(152).T 
(152).T 
(152).T 
( 37) T 
( 37),T 

( 97). «CM   ( 97), üLM   ( 37), AMASMOi 37), CHRriO ( 37),T 
I 97) f ZP«   ( 97), SOLID ( 37), feCHCK ( 37), RK    (10i»),T 
( 97), HHOK  IIOH). RQK   (104)> THETAKdO«), TEMP  ( 16).T 
(12), MAXL       , MAXLM T 

C T 
^♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦T 
C «T 

COMMON /LINULT/ H(«U,SGriU. IHNU.NHNU'HNL«>,NT, IM, IN,0HNU, THICK ,NT    T 
T- 
T 

FI3(152), FO0(152>,T 
T 

A3* FMUS, T 
T 

IA 
IAP1 
IAH1 
IN 
PUSHA 
HVA 
M 
RIA 
TPHINT 
DTH2P 
SMITCH 
AC03T1 
6MS 
se 
S16 
ZERO 
(152), 
(152)* 
(152)* 
(152)» 
(152), 
(152), 
(152), 
(152)» 
(152), 
(152). 
(U'2)» 
( 37)» 
( 37)» 
« 97»» 
(lO*)» 

lb 
IUP1 
IBMl 
TMAX 
PUSHB 
HV8 
GU 
RIB 
TA 
0TH1 
CO 
CNVRT 
SI 
£9 
S17 
R 

ICA   , 
ICAP1 . 
ICAM1 . 
BLANK6. 
ÜOILA . 
MCA . 
GL 
ROIA . 
TB * 
DTRMIN, 
CMIN . 
SUMRA . 
S2 
S10 . 
S18   . 

T 
T 

.T 

.T 
,T 

IC8 
irHPi 
ICBH1 
DELPHT.T 
BuILU »T 
HCB   .T 
GH 
ROIB 
TC 
DTMAX 
DELTA 
SUMRÖ 
S3 
su 
519 

.T 

.T 
T 

.T 

.T 

.T 

.T 

.1 

.1 

ROD 
PB 
RHO 
EK 
C 
X6 
SMLO 
SMLH 
BR 
CRTC 
CAR 
ELM 
AMASNO( 
ECHCK ( 

(152). 
(152). 
(152). 
(152). 
(152). 
(152), 
(152), 
(152). 
(152). 
(152), 
(152), 
(152). 
( 97), 
37), 
37), 

DELTAR(152),T 
SMLR 
PHI- 
THETA 
A 
X2 
X7 

SMLE 
BIGA 
CHIC 
CRTH 
OKLH 
FCLM 
CHRriO 
RK 
TEMP 

COMMON /CNThL/ tCYCLt. JMuLT 
COMMON /PALMER/  FlCdbS), FI1(152). FI2(lb2). 

2 FQKlbi). FOZdbkl» FGJ(lbi), JORUM 
COMMON /JIM/ NN» FMU. Rl» Pi, HO» tST, II, 12, GMP, Al, 

2 FS, LUF, LMI, Uu. T61» TC2, F2 
DIMENSION CSOU (1), PR (I)» FM (D. H d), 

i H9 U)» H«. d), FMS (1). 01 (l>. T6 d)» 
2 «97 d), «9« (II. SUKX2 d)» SUMX9 d), SUMXU d), 
» f    il). V2    d), OX    (1). FL    d>, TR    (1). 

H2 
03 
X8 
FSM 

d)»T 
d),T 
d),T 
d),T 

550 
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<♦ FbP 11) 

EQUIVALENCE 
1 (BI60 » H 
2 (CHIR >OJü 
3 ( Pb »Ul 
V (SMLAtFMS 
5 (ER .FM 
b (X5 'YZ 

(AC03Tit>TR0B6'' 
). ibH        .H3   )• 
)> (CKTR .SUKX2'' 
)r (Si2 tEDITMF)» 
)• (SMLB »FL   )f 
}» (V    rTG   )> 
). (XH   rXÜ    )• 

(BC 
(CAR 
(X7 
(EC 
(SMLC 

>SUMX4)» 
>Q37 )» 
»PR 
>H2 
.TR 

(SMLO »FSM 
(SMLE .FSP 

)' 
)r 

)• 
)• 
) 

T 
T 

(BIGA »Y )»T 
(CHIC »SUMX3)iT 
(GOFR »03 )»T 
( W »OX )»T 
(SMLH .H'+ )»T 
(CRTC »CSQD ).T 

T 
C,**»*«****»»»**»****t»****»»»*»*****»***»*******«**»*****«**«»****««*»*T 
C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

OX CONTAINS X FROM THE PREVIOUS Y LINE 

CSQU   SAME AS 
EUITMF SAME AS 
01 SAME AS 
FM SAME AS 
H SAME AS 
H2 SAME AS 
H3 SAME AS 
H4 SAME AS 
PR SAME AS 
FMS SAME AS 
FL SAME AS 
TR SAME AS 
FSM SAME AS 
FSP SAME AS 
Y2 SAME AS 
OX SAME AS 
T6 SAME AS 
03 SAME AS 
097 SAME AS 
038 SAME AS 
SUMX2 SAME AS 
SUMX3 SAME AS 
SUMX4 SAME AS 
THDBG SAME AS AC03TH 
Y SAME AS  BIGA 
X8 SAME AS    X<» 

CRTC 
S12 
PB 
ER 

BIGB 
EC 
BR 

SMLH 
X7 

SMLA 
SMLB 
SMLC 
SMLO 
SMLE 

X5 
W 
V 

GOFR 
CAN 

CHIR 
CRTR 
CHIC 

BC 

• T 
• T 
•T 
♦T 
*T 
•T 
• T 
• T 
♦T 
• T 
♦T 
•T 
♦T 
• T 
• T 
•T 
•T 
♦T 
• T 
•T 
• T 
«T 
•T 
*T 
•T 
•T 
•T 
•T 
•T 
•T 

C,•*•••♦•*•♦♦«*••♦»*•****♦»♦*♦♦»♦♦♦♦♦•**♦♦*♦♦♦♦♦*♦♦«♦*♦*♦*♦*♦♦**♦♦*♦*♦♦*T 
C «T 

CALL UVCHK(I«HAU) 
60 tO   U»2)»IMHAÜ 

1 S1375.001 
CALL UNCLE 

2 GO TO (100» 102» 102)» IALPHA 
100 SOMU a FMU ♦ FMU 

FMUX s FMU 
Rl s Kl / FMU 

FMU R2 = H2 / 
60 TO 106 

102 TSQ = FMU 
XX = R2 ♦ 

570 
580 
590 
600 

660 
670 
660 
690 
700 
710 

7*0 

760 
770 

830 
840 
650 
860 
870 
880 
890 
910 

940 

R2 
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GO  TO   1U<* 

(XP   ♦   YSii)   ♦   XX  /   (XX   ♦   YSQ)) 

XP s  Rl   •  Kl 
IF   (YSQ   .GT.   0.) 
SQMU S   1. 
FMUX   I  1. 
GO  TO  10Ö 

iot sum s o.5 * (XP / 
FMUX   =  SURTtSU-tU) 

106 UX = K2  •>  Hi 
110  FMUS  = FMS(IZU) 

ÜB  ■ FIÜ(I2)   - Flodl) 
IF   (AüS(SCL,IÜ(3b))    .LT. 
THOMSON SHOHT CUT 
IF (NiJ .NE. 0)  60 TO llü 
FS s .37!» ♦ FMUS • UX ♦ ((FXO(Il) ♦ SOMU ♦ FI2(I1>» • (1. - HD) ♦ 

2 .5 « Bb) 
GO TO 26 

112 AA = HB  *   (FIÜ(Il) 
FS s .37b ♦ FMUS / 

♦ SQMU » 
l.t-20) 

(FI2(I2) - 
GO TO 115 

FI2(I1)) 

(HO 
2 Hb ♦ DX • tST / (HO ♦ 
GO TO 26 
NOKMAL COMP^ON PATH 

115 OÜ s »-13(12) - FX3(I1) 

♦ Si5NU«FI2(Il)) - Rl • (FI0(12) ♦ S0MU*FI2( 12)) 
* riD) 
HO)) 

* (AA • EST + BB ♦ (DX ♦ Rl ♦ EST) - 

jQM * 
It      GO TO V 

• FüO(Il) ♦ 
• F03(ll) ♦ 

GO TO 1U 

SGriU 
SOi-lU 

(FQ2(I2) - FQ2(I1)) 
(FUUI2) - FQKID) 

(FU(I2) - FIKID) 
IF (IHNU .EU. 
FF = FaO(I2) • 
HH = FQ3(I2) • 
IF (NN .GT. 0) 
THIN RECIPE 
FS1 = (1. - AD • ((1. - HD) 
FS2 = -Al * FMUX« ((1. - HO) 
IF (IHNU .EO. 1)  GO TO 9 
FS3=A3>M(1.-HO)*(FOO(I1)*SOMU*FQ2(I1))+.5*FF) 
FSH s A3 • FMUX • Ul. - HD) ♦ (FQ3(I1) ♦ SOMU * FQKID) ♦ .5*HH) 
FS = .375 • FMUS • (FS1 ♦ FS2 + FS3 + FS«») ♦ DX 

* (FIÜ(Il) 
♦ (FI3(ID 

SQMU ♦ F12(ID) '/ ,5«BB) 
SQMU « FIKID) + .5*00) 

GO TO 25 
9 FS = ,37b 

GO TO 25 
10 AA = R2 * 

CC = K2 ♦ 

* FMUS • (FS1 « FS2) * DX 

(FIO(Il) + S0MU«FI2(ID) - Rl ♦ (FI0(I2) ♦ SQMU«FI2( 12)) 
(FI3(I1) ♦ SQKU^FIKID) - Rl * (FI3(I2) ♦ S0MU*FI1( 12)) 

IF (IHNU .EO. D  GO TO lb 
EESR2«(FQ0(ID>SQMU«FQ2(I1))-R1«(FQ0(I2)4-SQMU*FQ2(I2)) 
6G=R2»(F03(1D*SQMU»FQ1(U))-R1*(FQ3(I2)+S0MU*FQ1(I2)) 

15 TERM2 = DX ♦ EST « (Rl - OX / (HO ♦ HD)) 
FS1 s (1. - AD • (AA ♦ EST ♦ BB * TERM2) 
FS2 = -Al * FMUX * (EST * CC 4- 00 * TERM2) 
IF (IHNU .EQ. 1)  60 TO 20 
FS3=A3*(EE*EST ♦ FF«TERM2) 
FS« = A3 « FhUX • (EaT * GG + HH * TERM2) 
FSS . 375»FMUS/ (HO+HÜ) ♦ (FS 1 ♦FS2+FS3+FS«») 
60 TO 25 

20 FS=.375«FMUä/(HO*HD)MFSl+FS2) 
25 FMUS s FMUS * 6MP 
26 IF (FS .6T. (-1.E-2Ü))  GO TO 29 

IF (AUS(HVB) .LT. l.E-20)  GO TO 128 
WRITE (6f 27)  FS» IZN* IHNU» FMUX 

27 FORMAT  (6H FS = 1PE13.6» 7X6HIZN = 13»" 7X7HIHNU = 12» 7X6HFMU = 1 

2PE13.6) 
MKITE (6*28)  Rl» K2» HD» EST. FBI» FS2» FS3» FS<*» AA» BB. CC' DD» 

2 Et» FF» GO»- HH» FlUdD» FI0(I2)» FIKID» FI1(I2)» FI2(I1)» 
3 FI2(12)» FI3(I1)» FI3(I2) 

28 FORMAT  (IPöHb.o) 
If (TRUÜG .LT. 68.)  TRUoG -  TROBG ♦ 69. 

128 FSSO. 
IF (AUS(CVB) .LT. l.b-20)  oO TO 2^ 
Sl=7b.00d 
CAUL UNCLE 

29 CALL OVCHK(IMHAU) 
60 TO (30»<»0)»IMHAD 

30 S1=75.Ü009 
CALL UNCLE 

HO RETURN 
END 
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APPENDIX IV 

APPLICATIONS OF THE PLANE GEOMETRY CODE 

T 
o 

= 600 eV 

po = lg/ 
3 

cm 

20 zones 

The plane geometry code was applied in conjunction with the standard 

SPUTTER code to several one-dimensional problems.    The problem definition 

can be summarized as follows: 

T =8 keV 
boundary 

10 cm 

The only physical process considered was radiation transport,   i. e. ,  no 

hydrodynamics.    The equation of state for the material was that of CH^. 

The opacity used was that of a hypothetical material in which /c     = 0. 2 at 

all frequency groups. 

The results of the calculations are shown in figures 8 through 13. 

Figure 8 shows the flux as a function of u = hv/kT for the Thomson scatter 

A/ Z 
ing,   i. e. ,   1/m c 

o 
0.    The difference between the curves at 0 and 2 mfp 

represents the energy deposited into the material.    However,   in the case 

of Thomson scattering,   no material heating should occur.    One should look 

at this discrepancy as a convergence problem.    The results of figure 8 are 

plotted for cycle 20.    Extending the calculation further would improve the 

accuracy at the cost of iurther computer time. 

Figure 9 is the same calculation with Compton scattering.    One should 

note the spectrum changes at the high-frequency end.    This reduction in 

the spectrum for the Compton case is qualitatively in agreement with theory. 
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Figure 8.    Spectrum at Various Optical Depths Employing 
Thomson Scattering 
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Figure 9.    Spectrum at Various Optical Depths Employing 
Compton Scattering 
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Figure 10.    Exit Spectrum for Compton Scattering 
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In the first two problems,   illustrated in figures 8 and 9,   the frequency 

groups were (0 to 8 keV),   (8 to 16 keV),   (16 to 24 keV),   (24 to 32 keV), 

(32 to 40 keV).   (40 to 48 keV), (48 to 56 keV),   (56 to 64 keV).   (64 to 72 keV), 

and (72 to 100 keV).    The question arises as to how dependent is the solu- 

tion on the number and definition of these groups.    In figures 9 and 10,  two 

different groupings were considered.    In figure 10,  the frequency groups 

were chosen to include 10 percent of the energy in an 8-keV blackbody. 

It is apparent from figure 10 that the spectrum has been distorted by unequal 

frequency groups.    This conclusion was also supported by the fourth problem, 

i. e. ,  the case in which the number of frequency groups was doubled. 

Initially,   the first nine frequency groups were halved,  whereas the (72 to 

100 keV) group remained constant.    This problem was unsuccessful.    The 

unequal frequency grouping caused discontinuities to be propagated through 

the spectrum.    This difficulty was eliminated by changing the (72 to 100 keV) 

group to (72 to 76 keV),  where all the groups were then 4 keV wide.    The 

results of this problem are shown in figure 11.    Notice that figures 9 and 

11 have converged to approximately the same solution.    With the previous 

remarks in mind,   one should be hesitant about solving problems in which 

the frequency groupings are unequal. 

In figure 9,  the difference between the curve at 2 and 0 mfp is the 

amount of energy used to heat the material.    To determine if this is a 

reasonable estimate,   a comparison of the material heating ratio (SMLE) 

and the theoretical heating rates 

N 

>       j=l / 

as a function of zone is presented in figure 12.    The difference between 

these two curves can be used as a criterion for convergence. 

A further point of interest is how fast the solution converges to its 

steady-state value at the edge of the window away from the source. 

Figure 13 graphically displays this convergence. 
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For comparative purposes,   a plot of the flux from an 8-keV black- 

body as a function of frequency is presented in figure 14. 
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Figure 14.    Spectrum from 8-keV Blackbody 
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APPENDIX V 

COMPTQN AND INVERSE COMPTON SCATTERING 

INTRODUCTION 

Scattering of photons by free electrons in the Compton scattering 

process results in a modification of the radiative intensity in angular distri- 

bution and spectrum by virtue of the resulting energy and momentum 

exchange.    This rate of change of intensity is described by the equation of 

radiative transfer, a Boltzmann equation for the photons.    The objective 

here is to derive an approximation to the radiative-transfer equation which 

is valid when the scaUering takes place from electrons in a Maxwellian 

distribution having temperature 6   .    For this temperature to be maintained, 

it is necessary for electrons to undergo numerous energy-exchanging col- 

lisions between each photon scattering event.    These collisions are then 

sufficient to maintain a Maxwellian distribution at the same temperature. 

Compton collisions with moving electrons may result in gain of photon 

energy (inverse Compton collisions) as well as energy loss.    Both of these 

processes in the general case are necessary to describe the events which 

take place in a Compton scattering medium.    In particular,  the realization 

of a state of equilibrium between the photons and the electrons requires 

f.he inclusion of inverse Compton collisions and the direct Compton colli- 

sions to a consistent degree of approximation. 

SCATTERING EQUATIONS 

The equation for the transfer of photons in a scattering medium has 

been given in general form by Sampson (Ref.  8) and by Bond, Watson, and 
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Welch (Ref.  9).    This equation has been applied by Freeman (Ref. 4) to 

the Compton scattering of photons by electrons at rest.    In that work the 

equations are derived for photons having energies which are small compared 
2 

with mc   .    An expansion is performed of the Klein-Nishina cross section 
/      2 through second order in the quantity y = hv/mc   .    A further Taylor series 

expansion in frequency of the scattered intensity about the frequency of the 

photon beam in question is performed to obtain an "agelike"  approximation. 

A similar treatment of the equation of transfer for scattering has been given 

by Fräser (Ref.   5).    He takes into account the Compton scattering to first 

order in f and,   in addition,   includes terms to first order in the quantity 
.2 

a = 6   /mc  ,  thereby including the inverse Compton effect in first order. 

The objective in this appendix is to reduce the results of Fräser to a form 

more suitable for calculation and to test his results in certain known limit- 

ing cases.    The equation of scattering transfer will be derived first in a 

form suitable for application to a general geometric situation.    The equa- 

tions are then simplified by specialization to the plane and spherically 

symmetric geometries,   and finally the diffusion approximation is derived. 

The equations for the Compton scattering are contained in Eraser's 

expressions for F   , r?,   andF, as given in his Eqs.   (31),   (32),   and (33). 

When the drift velocity u    is zero, these equations become 

r1 = -N4,o i(v,n)(i - zy) 

r2 = -N<t.0   
3c  3i(v.o)y/i - v£\f<a' Kv.n-Hi - M + / - M3) 

r3 = ^»lit H1 - V^^)/d0, I(v.n)(lV)(l -M) 

-fl +a fz - 2v ^ + v2 -Oiydn' I(v,n) + a U - 2v ~ + v2 ^-rÄ fdü' KV.O'JM 

-ll -a^b + Zv ±.v
Z±^\\f<Sl'Uv, O')»*2 - a(4 + Zv ^--v2 iJ} fda'Hv.Ü')^   (68) 

8v 
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2 
where N is the total number density of electrons and $    - 8ir/3 (r  ) = 6. 65 x 

' o o 
-25        2 10 cm    is the Thomson scattering.    In Ec,    (68),  the values of M  ,   M  , 

M  ,   and M    have been substituted for as follows: 

M    =T|-  Al' Ifv,«') o      loir y 

n • M, = -—- /dn' Kv.n1^ — —1      ibiT J 

n ' Mo =77- A2' Kv.n')/^2 (69) 
—      6        1 D1T y 

ü' M3 =Tfa fa' UV'®')»3 

Mo - fl •  (^ - Mg + M3) = J^; fa' Uv.tl'Hi + M   ) (1 - M) 

where the cosine of the angle of scattering is ß • fl' = /!•    These terms 

represent the scattering contributions to the equation of radiative transfer 

for the intensity I{v,Q).    The first tsrm represents the scattering out of 

the beam proportional to the total Klein-Nishina cross section expanded to 

first order in y.    The second term represents the contribution of stimulated 

scattering to both of the processes of scattering from the beam and scatter- 

ing into the beam.    The quantity T- describes the scattering of photons into 

the beam by all of the electrons contained in the Maxwell distribution. 

A comparison shows that the a-independent terms are the same as Freeman's 

first order in y terms.    These terms can be regrouped to display the order 

of the terms more effectively.    Their sum,   comprising the scattering con- 

tributions to the radiative transfer equation,   is 
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(1 - Zy) I(v.n) 
Ibir /dfl' l{v.Q')(i +M

2
) 

(l " v a^)/^' I(v'n') (1 +M   )(1 -M) 

1 - 2M - 3/i2 + Zfi3) a 2 /"dn1 I^,«')! 

(v2 -^T " 2v ^r)/^' ^v.a'Hi + fi2)(i - M)1 

- -^-j Kv.fl) yfl - v—jftfl' I(v,ß')(l +M
2

)(1 -/i) (70) 

where u    = d> N. rs       o 

In order to place the equation in conservative form in anticipation of 

formation of difference equations for numerical work,   it is desirable to 

reformulate the frequency derivative terms.  This reformulation corresponds 

to isolating those terms which contribute to exchange of energy within the 

photon distribution from the terms which contribute to exchange of energy 

between the electrons and photons.    The desired substitutions are as follows: 

e--)1^ [•■■■*"] 

8v2 av        dv2 dv 

(71) 

For the case of spherical or plane geometry,   symmetry of the radiative 

intensity about the polar direction can be assumed.    This symmetry per- 

mits the integration of the azimuthal component of the solid angle in the 

photon scattering terms.    If the results of Freeman (Ref.  4,  p.  10) are used, 

the scattering terms become 
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" M. ä   (1 - Zy) I(v.a) - ^ |y^3 I3 [3 - M^ + (3^ - 1) ^j 

2 

(i+^Kv.B^i-v^Jyd^«,^) 

+ a 2/dM3I3  [(3fil ■ 1)(1 " ^ + 2fIl(1 " 3^l)'U3 + ^i^i " 3)^] 

{^■^)> 3I3f(^l''i3) 

) 

(72) 

where 

f(M1.M3) = 3M
2
 - 1 + M^SH2 - 5) M3 + O^2 - 1) /X3 + P1 0 - 5^)^ 

In Eq.   (72),   the inclusion of the additional terms for induced emission and 

inverse Compton scattering is not appreciably more difficult than for the 

Compton scattering term already considered.    The same angular integrals 

enter as in Freeman's Eq.  (18) (Ref.  4).    The main difference arises in 

the presence of the second derivative with respect to frequency in addi- 

tion to the first derivative occurring in the Compton formulation. 

The diffusion approximation can also be carried out in parallel 

fashion to the derivation of Compton scattering for cold electrons.    In this 

case two equations result,  which are obtained from the zeroth and first 

moments of the equation of transfer.    The Compton terms entering in the 

zeroth-moment equation are 

-4+"^h M1» - ^ ■ vI° ^+^vI^) 

(73) 
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and those for the first-moment equation are 

(74) 

TESTS OF THE EQUATIONS 

The equations derived above can be subjected to a number of tests 

to determine whether known results are obtained.    Consider a scattering 

medium containing a weak radiation field for which the stimulated emission 

terms can be neglected.    Integrations can then be carried out over the 

solid angle and the entire frequency spectrum.    The resultant integrated 

radiative-transfer equation becomes an equation for the rate of change of 

radiation energy within a particular volume element.    The Compton contri- 

butions to the rate of change represent thr rate of loss or gain of energy 

from the radiation field.    They also correspond to the gain or loss of energy 

by the electrons.    These terms are 

//• r /•o9E WO 82E 9E \ 
dv/dno^ + F,) - Mac |/vEv dv +yV -^ dv + «/ |v2 -j^ - 2v -^j 

M     / v 

~--£\46efE
V
dv-fhvE

v
dv) (75) 

where E^ = l/c / dni(v,n) is the spectral radiation energy.    This is pre- 

cisely the result given by Grasberger (Ref.  10). 

The terms taking account of the stimulated scattering can also be 

included provided the radiation is isotropic.    The contribution to the 

heating rate is 

dv 
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/'*    C^ *-*    A2 dv M8 c2    f^Z dv 
dv / dnr- = -M   r—   11   -r a - T—IT   /E   T J 2. a 2m y 2 2m 4w y     v    2 

(76) 

If,   in addition,   the radiation ei»ergy is given by a Planck distribution having 

a temperature 6   ,   as given by 

„      2h v .,-. 
I=B = ^-h^7e  {11) 

c
   e      r-i 

the frequency integrations can be performed.    The total resulting heating 

rate of the electrons is 

dE        i^fü 
-j^ = —f <re4(e   -e ) (78) 
dt 2       r      r        e 

mc 

where cr is the Stefan-Boltzmann constant.    This rate is applicable to a 

blackbody enclosure in which the radiation intensity is somehow maintained 

in a Planck distribution corresponding to a radiation temperature which is 

different from the temperature of the electrons within the enclosure.    The 

derived electron heating rate is a well-knovn result (Ref.   10) which displays 

the characteristic that the radiation and electron temperatures will approach 

each ovher by virtue of this scattering interaction,  yielding an equilibrium 

state in which the temperatures are equal. 

These results test all of the Compton terms, including the induced 

scattering terms.    Consequently,   they constitute a strong confirmation of 

the correctness of these equations. 

APPROXIMATIONS 

Several approximations have been made in deri-ing these equations 

which limit their applicability.    First,   the neglect of high-order terms in 

y and a  restricts validity of the transfer equation to hv and G    of the order 
2    * 

of 100 kV.    The inclusion of the terms corresponding to y    given in reference 4 

would allow application of the equations to somewhat higher photon energies. 
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The second approximation,   resulting from the expansion of the fre- 

quency dependence of the intensity and omission of quadratic terms in the 

frequency difference,   implies that I    must be a smooth function of frequency. 

Near a photoelectric edge or in the neighborhood of a line profile,  these 

conditions may not be satisfied.    An investigation of the validity of this 

approximation has been carried out by Chandrasekhar (Ref.  ii), who 

evaluated the transmission of line radiation through a cold scattering atmos- 

phere.    His result shows that even in the case of a 6-function source of 

radiation,  a relatively small error,   as measured by the fraction of energy 

erroneously scattered to higher frequencies (see Fig. 3 3,  Ref.   11,  p.  334), 

results (approximately 15 percent for an atmosphere containing two-thirds 

of a mean free path). 

The neglect of the specific effects of polarization may also be of 

some consequence.    Chandrasekhar (Ref.   12) has compared the diffuse 

reflection resulting from radiation incident on a semi-infinite scattering 

medium when the correlatiou of photon polarization after scattering is 

followed or neglected     Differences of the order of 5 percent in the scattered 

intensity are obtained (see Fig».  24 and 25,  Ref.  12,  pp.  262 and 263). 

Scattering in fhe treatment of this report results from electrons 

which are free.    Effects of binding of the electrons and the localization of 

the electrons within the atom give rise to modifications of the incoherent 

scattering Klein-Nishina formula for free-electron scattering and produce 

<idditional scattering which is coherent with the incident radimtjon.    These 

effects are small w en the energy of the photon is much greater than the 

binding energy of the atom and when the temperature of the material is 

sufficiently high that the probability of bound electrons being present is 

small. 
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EQUILIBRIUM SPECTRA 

In this subsection,   the solutions to the above equations corresponding 

to scattering of radiation in a homogeneous enclosure are examined.    The 

equation for the spectral energy density is 

2 
4   9I 1  O 
c  9t 

M'   (B - I  ) -u 
a os (1+£# "'^ ■^o +  I1 + hv3 

/ 2 92Io 9lo\ 
alv    —5- - 2v ■*— I 
\      9v

2 av / 
(79) 

The steady-state solution of these equations should admit a Planck function 

lor the radiation intensity corresponding to the temperature of the electrons. 

Substitution of the Planck function into Eq.   (79) shows that such is the case. 

For the Planck function to satisfy this equation,   however,   it is necessary 

that the correct number density of photons be present.    This condition will 

not in general be satisfied,   however,  if only the scattering interaction is 

present.    More generally,   the equilibrium will be achieved with too few or 

too many photons for the thermodynamic equilib.-ium solution to apply. 

If too fow photons are present,  the induced scattering-terms quadratic in 

I    will be negligible,   giving the steady-state equation 
o 

82I ri    /      v    8i 
2     \a       )      dv      a 

I    = 0 
o 

(80) 

3   ~hv/ee 
This equation is satisfied by the function I   = Av  e .    the Wien approxi- 

mation to the Planck function,  but it has an arbitrary normalization,   depend- 

ing on the number of photons present. 

If,  on the other hand,  there are too many photons for the thermo- 

dynamic equilibrium solution,  only the quadratic ^erms need be retained, 
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2 91 2 81 
-Y~-Iv-^+y-~r = 0       or       I    ^v-rZ (81) 

.    3   o     ov ,    3   o o ov 
hv hv 

In this case,   the solution is I    = Bv,  where B depends on the photon number 

density.    However,  this solution is valid only for frequencies such that 

v2 < (c2/h) B. 

CRITERIA FOR COMPTON HEATING 

The inclusion of the Compton and inverse Compton scattering contri- 

butions to the heating rate is required only when the heating by pure 

absorption is negligible by comparison.    In order to estimate the conditions 

where the Compton terms must be included,  an estimate of the absorption 

contribution to the heating is derived and is then compared with the corres- 

ponding Compton scattering formula.    As shown above,   if the radiation 

intensity can be characterized by a Planck distribution with 6   ,  the electron 

heating rate from Compton scattering is 

dE \ 

"*7c 
2. 1 x 10"17 N  e4 (6    -6)      (ergs/cm3 sec) (82) 

err       e 

-3 
Vhen temperatures are measured in eV and N    in cm 

At high temperatures,  the pure absorption mechanism giving the 

largest contribution will be that from the free-free absorption.    By using 

(he abaorption coefficient for the free-free process (Ref.   13),  it is possible 

to derive a formula for the rate at which electrons exchange energy with 

the photons: 

dEe\ 

*/ff = 

dE 
= 1.5 x 10"25 Z2N N. e'l/2 (6    -6)        (ergs/cm3 sec) 

e   i    e r       e 

2 
where Z    is the effective square of the ionic charge and N. is the ionic 

number density. 
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The ratio R of the absorption heating rate to the scattering heating 

rate is given by 
-9    2 7.2 x 10      Z N. 

R =  Ql/2    4        - <84) e      e 
e r 

A large value of R implies that scattering can be neglected in the electron 

heating rate.    As an illustration of the application of this formula,  one can 

obtain the temperature and density conditions at which heating due to scat- 

tering and absorption are equal.    Figure 15 displays the temperature- 

density dependence of this condition,  R = 1,  for several typical materials, 

assuming that 8    = 6   .    In applying this result,   it should be kept in mind 

that deviations of the radiation spectrum from Planckian will strongly 

affect the answer. 

The above criterion for the electron heating rate does not directly 

apply to the relative importance of absorption and scattering on the spectrum 

itself,   since the frequency dependence of the absorption and scattering terms 

is quite different.    If R > 1,  the low-frequency portion of the spectrum will 

be dominated completely by absorption.    The high-frequency portion of the 

spectrum will be modified predominantly by direct Compton scattering if 

6    » 9    and by inverse Compton scattering when 6   « 6  . 
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APPENDIX VI 

A MODIFIED METHOD OF CHARACTERISTICS 

FOR RADIATIVE TRANSFER 

In references 14 and 15, quantities termed "transmission functions" 

are proposed for use in the analysis of radiative transfer by the method of 

characteristics.    These functions are mean values  of the monochromatic 

attenuation factor exp(-pÄ:   Ax) for a range of frequencies Av, where Ax is 

an interval along a ray within which the density p and opacity K    are 

assumed to be uniform.    The frequency average of this exponential is taken 

with two different weighting functions B    and dB  /de.    In an idealized 
v v 

problem with uniform temperature only the first of these averages,  denoted 

by S(Ax),  is needed.    This function,  defined by 

/ 

>'j+l 
B(v,e.) exp[-p.Ki(v.p..e.)Axi] dv 

S..(Ax.)=-J  (85) 

/ B{v,e.)dv 
i 

v. 1 

has a limiting form for very small Ax. given by 

p 
S..(Ax.) ~ expC-p«:.. Ax.) (86) 

p 
where «:.. is the usual Planck mean.    For Urger Ax (in most cases still 

rather small) the function flattens out rapidlv; i.e. ,  -(1/p Ax) log S is a 

decreasing function of Ax, eventually limiting to the minimum value of ^ 

in the frequency group at sufficiently large Ax,  plus terms of order Ax"  . 
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In a medium with uniform composition,  temperature,  and density,  the 

transport equation for the intensity in group j at a point x    along a ray 

Xo < x < xn due to radiation moving in the positive x direction is given in 

references 14 and 15 as 

VVB ^V+ WV - B(V3 Sj<Xn - V (87) 

If the interval (*   .x  ) is now subdivided into n zones of width Ax = (x   -x  )/n, 
no 

the intensity at each of the subdivision points is 

l.{x.) = B.(x.) + [I(xul) - B(xl_4)]  S.(Ax) 

= B.(x.) + [I(xU2) - B(x._2)] S2(Ax),  etc. (88) 

By repeated application of Eq.  (88),  or    readily obtains 

I.(xn) = B.^) + [I(xo) - B(xo)] S^Ax) (89) 

which, with Eq. (87), implies that 

S (nAx) = s!W) (90) 
P J 

a condition which is satisfied if S is an exponential function, but is unfor- 

tunately violated by functions of the type described in references 14 and 15. 

With sufficiently fine subdivision of the medium in this example, the atten- 

uation would in fact be that given by the Planck opacity, an incorrect result 
p 

apart from the limiting case in which pic   (x    - x  ) « 1. 
n       o 

This example exhibits the limitations resulting from one of the 

assumptions made in references 14 and 15, and in Eq. (87), namely that 

the frequency dependence of I(v) within each group is proportional to that 

of B(v) at every point along the ray.    Actually, the frequency dependence 

of I(v) depends inherently upon conditions along the entire ray, and no 

method of frequency averaging based onlv upon locally evaluated tempera, 

ture and density can be expected to be valid. 
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A second and unrelated difficulty occurs in spherical geometry, 

namely that consistent and simple models for the spatial dependence of the 

source function do not reduce to the correct diffusion limit,  and other 

models which limit correctly are somewhat inconsistent and have a ten- 

dency to yield negative values for the intensity (Ref.  2, Vol III). 

In this appendix a formulation is proposed which employs (1) nrniocal 

"transmission functions" of exponential form and (2) an apparently consistent 

model for the source function which has the correct diffusion limit.    The 

method utilizes only the currently available Planck and Rosseland group 

mean opacities, but is capable of generalization to a formulation which, by 

describing the frequency dependence of opacity within each group in more 

detail,  may allow use of fewer groups to attain the needed accuracy. 

For monochromatic radiation, the intensity along a ray at optical 

depth T    is given by 
n 

"(T       -   T    ) T -(T       -   T) 

I(Tn) = I{TO) e 0   + y n Be      n dr (91) 
To 

with integration by parts, 

(92| 
T 

o 

The last term,  representing source gradient contributions to the intensity, 

may be represented as a sum of individual zone contributions: 

dT B 2 ^ m) 
k=l 

/" dB 
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where 

\n-f        d7e dT + (Bk 
Tk-1 

Bk)e 
-(Tn - V 

= e 
•,T„ - V k    dB /K    dB 

ds 
■^k^k - S)   . +     n. 

ds + Bk - Bk 

L8k-l 

(94) 

Here s is the geometric distance along the ray, a.   = p, ^    is assumed 

constant in each interval   s,    .  < s < s, ,  and the possibility of discontinuous 
k-1 k 

B(s) at interval boundaries is allowed for. 

It is now necessary to represent the source gradient dB/ds in an 

explicit manner.    Let the direction cosines of a ray with respect to 

Cartesian axes x, y,  and z be denoted respectively by ^,  TJ,  and t,; then 

ds = T- dx = — dy = — dz 
i Tl C 

(95) 

The quadratic form 

2        2       2       2 
B(x,y.z) = B(xk.yk, 2k) + Of^z - zk) + pk (x    + y    - xk - yk) 

/  2 ,    2 J    2       2       2        2. 
fyk(«   +y   +Z    -\-\-\) 

X,      .    < X   < X. 
k-1 k 

^k-l < y < yi 

'k-l < E < Zk 
(96) 

hat plane symmetry if ß    = y'    = 0, cylindrical symmetry if a    = y    = 0, 

spherical symmetry if a    = ß,   = 0, and two-dimensional   finite) cylindrical 
K K 

symmetry if just y.   = 0.    This form may be simplified s >mewhat if the 

Cartesian axes can be chosen independently for each ray,   .o that,  for 

example, the x-axis is parallel to the direction of the ray in spherical 
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geometry,  or to the projection of the ray on the plane z = 0 in cylindrical 

geometry. 

From Eqs.  (95) and (96) the source gradient along the ray is 

dB 
d7 = V + 2'3k(|x f ^y) + 2>/k(|x + r]y + ^z) 

so that 

(97) 

'kn 
"k ßk 2        2 yk 
— ^ + 2 — (ecrkxk + T1(rkyk -i     - n   )  + 2 — {fr^ + ^^ 

+ ^kZk " ^ + Bk " Bk 

-(T       -   T.) n        k 

"k ßk 2        2 yk 
— ^ + 2 — (Sor^^ + T^y^  - |     - n   )  + 2 — (la^^ 

+ ^Vk-l + ^kZk.l  " * 
•(Tn - Tk-l) 

(98) 

On comparing Eqs.  (97) and (98),  it is apparent that when T    - T     A >> ^ 

the intensity limits to the value 

I(T    )   -   B(T    )   -  IP    | 
i        n n       dr     T = T1 (99) 

where for plane geometry T'  = T    and otherwise T'   = T    - 1.    This is 
n        n n        n 

essentially consistent with the diffusion approximation. 

So far, the analysis has been restricted to the single-frequency case. 

Equation (92) contains several types of terms, each with a different 

frequency dependence, corresponding to a variety of different materials, 

temperatures,  and densities.    Since frequency averaging destroys the 

separability of these contributions (as discussed above),  approximation 

methods of a nonlocal character are needed. 

The transmission functions of reference 15 can easily be generalized 

to nonlocal form.    For example,  the Planck transmission function defined 
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for a single zone by Eq.  (85) is to be replaced by the kernel 

/vj+l "-^ / ^j+i 
(T-BO.^) expX^ [-<rk(v.pk,ek)Ask]dv//* a.B(0.,v)dv 

v. z: i "v. 
j k-l '      i 

(100) 

which describes the attenuation of radiation emitted at s. between s. and a 
i i 

field point s   .    Of course, the direct evaluation of the terms in Eq.  (100) 

is scarcely feasible in practice.    Instead,  a representation of the entire 

function is required which can be readily evaluated and which preserves 

some of the characteristics of Eq.  (100),  in particular, the thin limit 

lim    S.(s.,s   ) = 1 - (s    - s.) <rP(s  ) (101) 
j    i    n n       i     j     n 

s -*s. 
n     i 

p 
where <r. (s  ) is the group Planck mean.    A necessary condition for :he 

diffusion limit is thai for opacity independent of position 

8n 
lim     a. (s   )    /       S.(s,s  ) ds = 1 

J     n    # j        n 
(102) 

.   - ■'    J 
i 

where a. (■  ) id the group Rosseland mean.    In general, S. as a function of 
J     n J 

■    should be uniformly positive, while the first derivative should be 

uniformly negative; also, the function should be short-range in the sense 

that for 

s. --co ,       S.(8.,s)~(s    - 8.)"m   .      m>l (103) 
i j    1    n n        i 

where if m is not infinite, as for an exponential, it is at least large enough 

to restrict the significant contributions to the integral in Eq. (102) to 

source positions within a very few Rosseland mean free paths of the field 

point in all except pathologically nongrey cases. 

The following construction is a nonlocal "picket-fence" (Refs.  16 

and 17) transm asion fui ..ton of this type.    It is assumed that the group 
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PlancK and Rcseland means are k„„„n a, each poi„.. and lha. a parameter 

bkj charac.eri,tic of the opacity distribution within group J at point .    can 

be chosen.    (For brevity,  the group index j wiU be suppressed in the 

rollowing formuias.)   The first step is to con.trnct the toMowing composite 

opacities for each point: 

aA = *P+h*R - UEil - b2) f(aP - ^W.P _ K^Rni/2 
1 + b      "   (104) 

aB = ^P - baR + 8H1  ■ b2) f(aP . £u* . ^R^f 2 
1 - b  "-^  (105) 

where b is to be chosen so that aA and <rB are real,  and 

0<<r    ^^ (106) 

These conditions are satisfied if aP = „*.  or if .gn(1  . b2, . ^p _ ^ 

i.e. , 

or b    < 1 < <r   /<r 

K2 PR 

(107) 

(108) 

Equation (108) only applies to cases which are nearly grey, or which have 

substantial scattering contributions in the Rosseland mean.    Values of 

cr     and a     for two ratios aP/aR are shown in figure 16. 

The second step is to define the optical distances 

T   (8i.sn)=    f     aA(8)d. 
•'s. 

(109) 

TB(...sn)=y 
•'s. 

n    B 
o"   (s) ds (110) 
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too 

0.001 

001   — 

Figure 16.    Dependence of Component Opacities on the Parameter b 
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Next, the transmission function is represented by 

A/ » B/ i -T   (s.s   ) -T   (■..«) 
S(s .s  ) = 7(1 + b  )e l    n+i-(l.b)e 1    n (HI) 

i    n       i n en 

and.  finally,  the 'nonlocal opacity" hy 

ff(s .s  ) = - "J^-log S(s ,8  ) 
i    n as i    n 

n 

1 |1/JL,A,    . in       »/JV»B/\ in 

r     -   1 + b    (T     s     e + 7<1 " bJ*   l*JI e 
S(s., s)|2nn Znn J 

i    n   u 

• (112) 

p 
The significance of the parameter b is now clearer.    Assuming a     to be 

considerably larger than CT     along the ray,  two limiting cases can be 

distinguished.    The nongrey character may be due to the presence within 

the group of a few strong line components,  with the absorption minima,  or 

windows,  occupying most of the group width.    The appropriate values of b 

will then be those near 1,  so that according to Eq. (105) the "line" opacity 

<r     is large compared with a   .    The transmission,  as shown in figure 17, 

attenuates at th-; Planck rate for a very short distance, with most of the 

contributions attenuated at a rate cr     which is slightly less than the Rosseland 

mean.    At the other extreme,  there is the less probable situation in which 

the absorption maxima are broad,  with the  nongrey character due to the 

presence of isolated narrow but deep windows.    For b -♦ -1, <r     -»0,  and 

o-    -► a   .    The transmission attenuates at nearly the Planck mean rate 

for perhaps several Planck mean free paths, but then levels out in such a 

way that small contributions are transmitted with little attenuation from 

remote sources.    For intermediate cases, values of b near zero may be 

used.    In particular,  for b = 0, 

A) 
P     ,  P.  P       Rul/2 lii3) or     ± [o     (cr     -o-   )] liiJ; 

<r 

B 

191 

J 



AFWL-TR.67.131.  Vol lU 
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OPTICAL   DISTANCE, «r    AX. IN ROS3ELAN0  MEAN FREE PATHS 

Figure 17.    Transmission Function S(Ax) 
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and just half of the emitted radiation attenuates by each of the rate* <r 
B PR 

and o-   .    For <r     < r   , in order that the S function defined by Eq. (Ill) be 

positive at large distance«, b must be restricted to positive values b > 1. 

The transmission functions also have a more appropriate shape near the 

source for b > 1, as shown in figure 17. 

The evaluation of the parameter b will be discussed in a subsequent 

report, in terms of a distribution function for mean free paths at each 

point (Ref.  17).    In the absence of such information,  a "defined" value 

such as 0 may be used.    It should be noted that the Milne-Eddington model 

is not explicitly assumed;  however, b is not treated as a function of position 

in the definitions of the derivative and integral oi the transmission function, 

Eqs.  (112) and (102). 

The quantities of the form e"*Tn " T't' and a.   appearing in Eqs.  (92) 

and (98) may then be evaluated by the expressions given in Eqs.  (Ill) and 

(112),  respectively,  to obtain a computationally feasible frequency- 

averaged form. 

The source gradient coefficients a. ,  ß. , y,   in Eqs.  (96),  (97),  and 

(98) are readily defined by Rosseland optical depth interpolation.    The index 

k may be regarded as ordering the intersections of the ray with successive 

surfaces, which are alternately boundary surfaces and midsurfaces for 

each cell;  furthermore, k and s are assumed to increase in the direction 

of the ray.    Thus,  if k indexes a boundary point and k-1 a zone midpoint, 

for one-dimensional cases 

01,   - 
\ - Bk-i 

. P. = 
Bk - S.i B    - B 

k        k-l 
k '   Zk " Zk   1  '   ^ '   r2      r2 k     R2      R2 

k        k-1 'k ■ rk-l Rk - Rk-1 

2       .. t,2 *•     , 2 .     2 2 .1     2 .     2 

where r    and R    are,  respectively,  x    + y    and x    + y    + z   ,  and 

(114, 

Bk "     k-l     ek   R. x        R    / v (T. (z,   - z,    .) + <r,    .(z,    ,  - z, ) 
ky  k        k-l k+1    k+1        k 

(115) 
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for plane geometry,  and 

Bk= Bk i+,k "n—2—z 5—3—t y ,,16| 

for spherical geometry.    One-dimensional cylindrical geometry may employ 

an interpolation formula like Eq. (116) with R replaced by r.    The coefficient 

c,   is 1 unless the step model is to be used, in which case <     =0 and con- 
k k 

sequently Of.   = f*     = y.   = 0.    In two-dimensional cylindrical geometry, the 

corresponding formulae for bilinear Rosseland optical de-jth interpolation 

in the variables z and r    are left as an exercise for the reader.    If k 

indexes a midpoint,  similar formulae apply, with 

\ - Bk.i   . 
Of,   =  ,  etc. 117 

k      Zk-Zk-1 

A final remark is that for the plane case,  the integration over ray 

orientation should be performed analytically.    The exponentials in Eq.  (Ill) 

are then lo be replaced by E-functions.    The detailed evaluation of this 

approach is left for a subsequent report. 
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